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CHAPTER 1
INTRODUCTION

Two questions of central importance in education are: '‘What
is good teaching?" and "What ave the characteristics of good teachers?"
The "answers" to these questions =~ or rather the ideas that we have
about the nature of teaching and teachers == have many and far reaching
effects, These "answers" affect the selection, training, recruitment,

supervision, retention and dismissal of teachers; as well as the kinds

of education pupils receive. Hence it is not surprisiné that most of

the research on teaching has been devoted to “Teacher Effectiveness"

and related questions., Yet, after approximately 1500 studies in the last
seventy:?ears, these questions remain largely unanswered. By and large,
the findings are contradictory, inconciusive and applicable only to
extremely restricted populations. Ryans (1960) sums up the situation
when 2 states that teacher effectiveness has proved to be an extremely
complex and ambiguous concept; and that the numerous studies have failed
to provide "universally acceptable definitive answers" to questions

such as "What constitutes effective teaching?" and "What are the dis-
tinguishing characteristics of competent teachers?"

The failure of such prodigious efforts to provide satisfactogy
answers to these perennial questions has been attributed by competent
reviewers to the following major sources: (1) The many and ambiguous
meanings of "good" teaching. (2) Inadequate theoretical conceptualization
co guide the research efforts. (3) Attempts tu answer a multifacetead
and complex question in one fell swoop. (%) A failure to distinguish
between 6Bjective observation and description of teaching sand the

-1-




making of value judgments and evaluations on the basis of explicit, or
more often, implicit values. (5) The use of inadequate research techniques,
such a8 rating scales; check lists, questionnaires, judgments of super-
visory and admiristrative personnel to distinguish "good" from "poor"
teachers,

Within the last decade, various researchers have been advocating
the need for a new or different strategy in research cn teaching. The
major elements of the new strategy can be stated as foilows: (1) Teaching
must be distinguished from learning and treated as a phenomenon worthy
of scientific investigation in its own right (Smith 1962 b.p. 33, Gage
1964). (2) A iong period of research must be devoted to first hand,
systematic, objective observation of teacher-pupii “<havior and the anaiysis,
classification and quantification cf the elements or units constituting
classrcom behavior. {3} The descriptive phase must precede correlational,
predictive, or causal studics (Smith et.sl. 1962 b.p.8). (4) More
sophisticated and comprehensive theoretical "models” must be used to
guide well articulated research studles. Levin (1954 p. 102-103)
cogently sums up the "new" strategy: "The most complete picture of the
teaching process would be to predict from the antecedent conditions to
the classroam.pehaviorg and in turn from bebavior to pupil effects,”

Evidence of the use of the new strategy is incizasingly sea2n in

the research literature, especially within the last ten yeavs. Category

systems are being developed for use in systematic objective observation
of teacher or pupil behavior, or teacher=-pupil interaction. An intercsting
feature is the "borrowing" of the theoretical framework of sociai inter-
action and observational techniques from the social sciences, especially

social psychology. Parenthetically, the birth of the ncientific study of




teaching can be discerned, and a lusty infant it promises to be! The
earlier studies of classroom behavior reflected the interest and the
influence of social psychologists, such as Thomas (1929), Anderson

{1939), Lewin {1939) in the affective aspects of classroom life, The
major findiné of these studies was that the teacher’s style of behavior
had a macked effect on the behavior of pupils and on the affective or
social-emotional climate of the classrcom. The teacher®s behavior has
been described variously as: Dominative versus Integrative (Anderson
1939), Democratic, laissez Faire, and Autocratic (Lewin et al. 1939),
Learner-centered versus Teacher-centered (Withall 1949), A large measure
6f coedit must be accorded to Flanders for establishing "interaction
anaiysis" as a techaique in rescarch on teaching and for stimulating
interest in teacher behavior., He has chosen the terms "Direct znd In-
direct Influence" to describe teacher behavior. A radieal departure from
the emphasis on the affective or socialeemotional aspects of teacher
behavior to the "logical operativuz of tearhing" is found in the work of
Smith et al, (1962 b.). 1In short, the point is that a number of fairly
genecral category s}stems have been developed, predominantly for the
description and quantification of the affective climate of classrooms.
These systems are general in the sease that they can be used at many grade
levels amd for most of the usual school subjects rather than for a given
subject. One notable exception is the category system developed by Wright -
and Proctor (1961) specifically for systematic observation in math-
ematics classes, It is notewsrihy, however, that 2 search of the lit~
erature has not revealed a single category system specifically for the
description and analysis of ciassroom behavior in science classes and

laboratories, let alone the specific subject areas of biclogy, chemistry,

~
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etc. ~-- a most amazing state of affairs in the light of the tremendous

emphasis on Science Educatibn in recent years and a rather serious

limitation which provides the "stimulus" for the present study!

: Purpcse
2 In the post-sputnik years many new curricula in science have been
developed atv ivcal as well as state and national levels. In addition to
"modernizing," or bringing the subject matter up-to-date, these curricula

v are supposedly designed to promote, largely via first hand laboratory
experiences, an understanding of "the structure of the discipline" and
"science as inquiry.” Vast amounts of time, money and energy have been
expended, not only in writing textbooks and developing associated materials,

i but: also in *re-training” and "up-dating" science téachers. It is in-

.- comprehenzibic to the writer that very few, if any, objective, systematic,

first hand observations and analyses have been carried out of what actually

happens in science classrooms as teachers teach and pupils learn. One

is prompted to ask: Just what is the so called "inquiry approach" or

g the "discovery approach"? In what observable and reliably quantifiable
ways is the classrcom behavior of teachers and pupils different in classes

. using the "new" programs, such as "BSCS Biology," as compared to the

L “traditional," and how are these observable differences in classroom

behavior related to pupils' understanding of science as product and process

~ of inquiry? Watson (1963 p. 1043) raises a similar question when he

B states: 'Without clear, empirical evidence of what sorts of experiences

result in what subsequent behaviors or enhanced behaviors, in pupils, we

are of necessity proceeding on faith." '

In order to significently improve the teaching of science, we need
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to consider, not only the content of sciemce courses, i.e., "what" is
taught, but also "how" do teacher and pupils interact in classrooems,

1t is imperative that we know a great deal more than we presently do about
the phenomenon that we call science teaching. The mneed for determining
functional relationships between teacher behaviors and puzil outcomes

and the need for theories of science teaching is just as great and urgent
as theories of teaching in any other subject matter. The most direct way

of studying science teaching is by systematic observation of classroom

behavior of teachers and punils, As mentioned previously, one or more
category systems or (systematic) observational techniques -~ specifically

for science classes and especially laboratory classes ==~ sre needed., But

A,.,».. ».,
1 A, G A

i
-‘.’

not even one had been reported in the literature at the time the stcudy

e

was undertaken, and the same situation still prevails according to the

RO

most recent review of "Teacher-Pupil Interaction®® by Amidon and Simon -
{1965).
The writer's personal experience as a science teacher and his e
observations of science teaching lead him to question the validity of the
fundamental assumption on which existing category systems, such as that of
Flauders, is based, viz., "Th. verbal behavior of an individual is an
adequate sample of his total behavior." (Amidon and Flanders 1963 :“
P+5.) A considerable portion of a teacher's behavior in laboratory %t’
classes is non-verbal, e.g., demonstrating laboratory techniques, examining ’,»g
pupil’s work, preparing solutions, etc. Parenthetically, it was the
bewildering complexity, rapidity, and variety of behavior in laboratory 3 .
classes that constituted the fascination and the appeal for undertaking 5'3
this study. The writer could not resist the challenge of trying to see
some order and some sense in the multitude of behaviors that assadlt and

overwhelm the observer in a high school science laboratory class. i‘
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The writer finds himself in agreement with the conclusion reached

by Smith {1963 p. 295): "there are many forms of interaction involving

all sorts of processes and content ...lthe regsearcher].,. will socon dis~

cover that the actions and reactions of students and teacharas are in

considerabie measure determined by the requirements of that gubjsct
natter.”

The present research is addressed to two major problems or questions:
(1) Can a reliable and workable category system be developed for first
hand systematic observation of high school biology lecture-discussion-
recitation classes and laboratory classes?

(Z) What are the observabie and quantifiable behaviors that constitute
teacher-pupil interaction in high school biology lecture-discussione
recitation classes and laboratory classes?

The present study confined to high school biology teaching is the
first small, but hopefully significant, step in a large and complex area
of research. This study was conducted in Biology classes rather tham in
Physics, Chemistry, or General Science classes primarily because of the
investigator's greater competence and interest in Biology. However, it
is expcctec that the category system developed for systematic observation
and quantitative description of bioclsyy classes can be vsad for:

(1) Research on teacher-pupil interaction in high school biology as well
as other science subjects (with necessary modifications).
(2) Pre-service and in-service training of high school biology teachers

as well as other science teachers,



Objectives

The objectives of this study are:

1. To develop a categery system for first hand systematic

obgervation of teacher-pupil interaction in high school biology lecture=-

discussion-recitation classes and laboratory classes. :

2, To find and adapt a compact, reasonably inexpensive electronic

device such that the whispered and low-decibel-level conversation between

teacher and pupil at individual laboratory desks can be heard and tape~

recorded by the observer with a minimum of intrusion in the class

activities,

;;: 3. To demonstrate that the category system can be used with a
reasonably high degree of reliability by the writer, as well as a person
cthar than the writer, i.e., the category system should have a reasonably
high coefficient of inter-observer agreement,

v 4. To use the category system for direct or on-the-spot cat-

S~ egorization of teacher-pupil interaction in high school biology lecture-
discussion-recitation classes and laboratory classes and to quantify,

K analyze and describe the observed classroom behavior.
5. 7o generate hypotheses :nd questions for intensive future
research.
oL 6. To contribute kuowledge towards (a) a clearer conceptualization

of science teaching and (b) training of science teachers.
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Assumptiong 5 ’
o
The major assumptions in this study are stated below: 5
1, The teacher is designated by society as the authority, or at g
least, the leader in the classroom. His behavior largely determines the !II

affective and intellectual or cognitive climate of the classroom,

. 2. The major portion of the classroom behavior of teachers aad

N pupils is directed towards the achievement of educational objectives. o
-zv 3. The most direct and promising way to study teacher-pupil ;

: interaction is by systematic observation. ;,
¥?; 4. Systematic observation and anaiysis of teacher=pupil inter- )

| action can provide a sound empirical base on which a theory of teaching }:;

can be constructed.
5. The observation and tape-recording procedures do not result nié
) in significantly atypical classroom behavior,
s 6. A sufficiently large sample of the teacher's classroom behavior
« can be observed and recorded on magnetic tape so that the "record” is
& representativae sample of the teacher's classroom behavior.
: ‘ 7. The total observed classroom behavior can be classified into

smaller (elemental) units and quantified.

RN

8. Certain sequences and combinations of units can be observed to
occur more frequently in some classrooms than in others. Furthermore,
knowledge of the relative frequency of occurrence of various kinds of T
behavior is important to an understanding of classroom behavior. .

9. The classroom behavior of teachers and pupile is melti-determined, !
Teacher and pupil attributes or chaxacteristics, the subject matter and the ;A'

particular course of study are considered to be the major determinants.

10. Teaching can be distinguished from learning and studied

scientifically.,




Limitations and Scope of the Study

1. This study is limited to high school biology lecture-discussion-
recitation and laboratory classes of ten biology teachers. Field trips
and class periods in which more than one third of the periond was used
for movies, silent study, seat work, and examinations or tusts were
exciuded from the sample of four lecture and four laboratory classes per

“

teacher.

2. Although this is a study of teacher-pupil interaction, ir view of the

complexity of the phenomenon; the maisz emphasis is placed on the class~

ification of teacher behavicr. Hence, all the verbal and certain
(pedagogically relevant) non-verbal behavicis of teachers ure categorized.
Only a certain portion of the verbal behavior of pupils is cazsgorized «-
mainly questions and answers addressed to cue teacher cx the whole ciass.
The non-verbal bzhavior of pupils is not categorized.

3. This study is an attempt at a description, but not an evaluation

of biology teac“ing. The descriptive model of biology teaching is not
considered to be representative of all or even most biolcgy teachers,

but is limited to tne sample of this study. Further, the model is
descriptive and not ideal or prescriptive.

4, A basic point of view in this study is that objective, quantitative
description of teaching must precede the esting of hyrotheses. Cor-
relation and prediction from antecedents to intervening variabies or from
intervening variables to the conseguents will not be attemnted in this

tudye
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Definition of Terms Used isn the Study

Biology Class. A group, composed of a teacher and pupilis, that
meets in a classroom at a regularly scheduled time to pursue a New York
Regents Blology course or a Bioleogical Sciences Curriculum Study
(BSCS) course. This term includes lecture and laboratory classes.,

Biology Classroom. This term is used in a gereral sense and
refers to lecture rooms and laboratories in which punils meet for in-
struction by a variety of methods such ag lecture, discussion, recitation,
demonstration and laboratory work under the direction of a teacker.

Categories are classes or divisions or compartments into which
units of classroom behavior are classified. The iimits or boundaries
of each class are stated explicitly sc as co imclude only certain kinds

of behavior but not others.

Category System is 2 set of classes or compartments that are
mutually exclusive or non-overlapping and that completely exhaust the
specified domain of behavior to be classified. Further, the use of the

word system means that the various components or categories are inter~

related.

Classroom Behavior refers to what teachers and pupils say end
do in the classroom during the scheduled class period and that is ob-

servable by another person (observer) with or without the aid of ob-

servetional instruments or devices.

Interaction Auslysis is a mathed that entsils the fziliowing atope:
(1) the use of a category system to obtain highly reliable,.quantita:ive
data of classroom behavior as it occurs, unit by unit, {2) a number of
weys of summarizing the data in the form of frequencies, profiles &ﬁd

matrices {3) studying the inter~relationships of the various scores and
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degcribing the observed behavior.

; Interaction Matrix is a Systematic, rectangular arrangement of
aumbers in which the rows and columns represeni categories of behavior,

The cells, formed.by the intersections of rows and columns, represent

- sequences of categories of behavio:z,

‘/F Laboratory Classes ars instructional situations in which the
= pupils conduct experiments or carry on various learning activities re-
- quiring the manipulation of materials and apparatus according to a set
Y of directions.
i;; Lecture Classes. This term is used as an abbreviated name for
| instructional situations in which a variety of teaching methods are
f; used, These methods are referred to by such nrames as lecture, dis-
| cussion, recitation, lecture-demonstration, lecture-discussion, lecture-

Aecd discussion-recitation etc. This term does not include laboratory classes.
At times the term lecture classes is further shortened to "lectures."

Systematic Observation is the (relatively) unbiased recording of
every unit'of the observed behavior into one of the defined categories
in a category system. The term unbiased means that all of the observed
behavior is accounted for, not Just g:he behavior which fits the observer’s
5 preconcepiions of good or bad behavior (good or bad teaching).

Teacher~Fupil Interaction. This term is used in a restricted

D manuer and refers to the observable reciprocal behaviors of teachers

and pupils in classrooms during a regularly scheduled class period.

PR

The texm classroom communication is used almost synonymously.



CHAPTER IIX
REVIEW OF LITERATURE
Related Research in Scierce Education

In much of the research on ceaching -- and science teaching is no
exception -~ researchers have studied the antecedents and consequents of
whatever it is that happens in classrooms. In a recent "inventory" of
research in science education, Watson and Cooley (1960) found that most
of the studies were one of three types: (1) "Status Studies,"

(2) "Methods Studies,” (3) "Opinion Studies.” 1In a more recent review
Watson (1963 p. 1031) stated that “research on the relations between
behavior of science teachers and other variables, such as behaviors of
their pupils is meager." The writer's éurvey of literature related to
science eduvcation revealed a similar lack of research devoted to the
systematic study of classroom behavior of teachers and pupils. The
existing research in science education is not directly related to the
present study and hence will not be reviewed here. However, a number of
surveys have been conducted to determine the various procedures and
practices used by teachers in science laboratory classes. Typical

of such studies are those by Anderson (1949), Cunningham (1946), Bawse
{1357) , Mark (1961), and Weckstein (1939)., These studies are of some
interest in that they give an indication of the great variety of
practizes and procedures used in science laboratory classes. The
background or perspective gained from these studies enabled the writer

to anticipate the variety and complexity of the situations in which

laboratory instruction is carried on. These practices and procedures
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are enumerated below:

l. Laboratory directions and instructions were given before or
after class discussion of the laboratory activity.

2, Laboratory manuals weré used or not usade.

3. Laboratory classes were conducted ;1th or without detailed
1nstruction;

4. Laboratory demonstrations were presented by pupils or teacher.

5. Laboratory work vas done by pupils individually or in small

groups or teams of two to four pupils,

6. Pupils worked under "much'' supervision by the teacher or under

a "modicum” of supervision,

7. Pupils' laboratory work was given or assigned by the teacher
versus laboratory work growing cut of pupils' interest and initiative.

8 Pupils were required versus not required to write written
reports of their laboratory work.

9. Pupils were required versus mot required to take laboratory
notes,

10, Pupils were required to make careful, detailed drawings or
only brief, roﬁgh sketches,.

11, The laboratory classes were scheduled once a week for a "single
period"” or a "double period." -

In what spéhific ways do the above mentioned teaching practices
affect teacher-pupil interaction and ultimately pupil learning? A
suitable category system could be used to obcain quantitative information
about the effects of various teaching practices on teacher-pupil inter-
action in laboratory classes. In the next section, the major studies
related to systematic observation of classroom behavior are briefly

reviewed. More comprehensive reviews can be found in the "Handbook of

Research on Teaching" (Gage 1963).
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Research on Systematic Observation of Clacsroom Behavior

The earliest systematic, observstional studies ¢f classrocm inter-
action began with the work cf Thomas et al, (1929), followsd by Anderson
{1535) , Lewin and h ; {i335), and Withail
(1949). These studies showed that affective ciimate of the cisssroom is

largely influenced, if not determined, by the teacher‘’s behavior. They

also stimulated a great deal of imterest in systematic observation,

description, and quantification of classroom behavior,

Thomas and her associates (1929) made & significant break from
the tradizional rating ascales in use in her day and pioneered the develop~
ment of objective systematic observation as a research technique for
studying the behavior of nursery school children. The high standazd of
accuracy and objectivity set by Thomas contributed significantly to the
establishment of systematic observation as a valuable technique in the
study of social behavior,

Anderson (1939) developed over f£ifty highly specific categories
to clasgify the behavior of teachers and pupils ir pre-school and
elementary classes, The categories of teacher behavior were subsumed
under two major categories, viz., "dominative coatacts" and "integzative
contacts." He found that “dominative" teacher behavior pzovoked
"dominative" behavior among pre-school and elementaxry school children and
"integrative" teacher behavior facilitated “integrative' behavior among
the children. Anderson caiculated the "I«D Iadex" or ratio of ‘'Integrative'
to "Dominative" contaczte,

Lewin, Lippitt and White (1939) studied the effects of "democratic,"
"laigsez-faire" and "authoritarian” types of adult leadership on boys'

groups. 1In general, their conclusion supported and extended Anderson's
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conclusions and emphasized the tremendous influence exerted by the leader,
not only in establishing group climate, but also on work production.

Withall (1949, 1951) renamed Anderson's dimension (thz "I-D Index")
as "Social-Emotional Climate" and focused on teacher behavior only. He
developed seven categories for coding typescripts of teacher statements.
These seven categories, such as "Learner-supportive" statements,
"Acceptant" and Clarifying" statements, "Reproving" statements, were
considered és lying on a continuum from 'Learner-centeredness" to "Teacher-
centeredness.' Withall's "Climate Index" was compared with Anderson's

"I-D IndeX'secured on the same data, and high agreement was found,

Hughes and her associates (1959) developed sevzn major categories
within the framework of pedagogic functions, such as "Controlling Functions,"
"Facilitating Functions,” "Functions that develop content," for describing
elementary school teachers' behavior (pp. 59-61). Written protocols
developed from shorthand notes were coded according to 31 functions
subsumed under the seven large categories. A "model pattern for teacher
behavior was proposed, basad on the analysis of the behavior of the 25

teachers "judged good" by administrative staff (Hughes et.al. 1959, p. 223).

(1939), Lewin eto.al. (1939), and W.thall (1951), streased the role of the

teacher as an authority who influences the ciimate of the élaesroom directly

or indirectly, i.e., dominatively or integratively. Flanders also
introduced the concept cf flexibility to account for the same teacher
behaving dominativzly or integratively under different situations.
Flanders develuped a system of seven categories for "teacher talk":
“acceptinrg feelings," "praising and encouraging," "accepting ideas"

and “asiing questions" were considered as "indirect inflvence" categories;

"lecturing or giving information," "giving directions,” "criticizing or
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. Justifying authority” were regarded as "direct influence" categories. In
addition, Flanders introduced two categories for classifying all of the
"pupil-talk," viz., "pupil response" and "pupil initiation." By adding

a category called "silence". Flanders developed a simnle ten-category system
for interaction analysis. A major (though unéerstandable) shortcoming

of the Flanders system is that most of his categoriec, especially the
"content-categories,” are much too global, e;g., "teacher asks questions"
accounted for eight to fifteen percent and "lecturing" accounted twenty-
:T: five to fifty percent of the total verbal behavior of teachers (Amiden

2?; and Flanders 1963 p. 40). Amidon (Unpubiished Mimeo), formerly asaocizted

) with Fianders, attempted to rectify this shortcoming to some extent by

o dividing the category "teacher asks questions' into two categories, viz:
"asks predictable-response question' and "gsks unpredictable response
question.” Though Amidon has a total of seventeen categories in his
revision, the category "lecturing" was not further subedivided! Despite
these shortcomings, Flanders has made major methodological contributions
that are s;gnificant for the present study, viz,, time-gampling every

three seconds and tabulation of observational scores or tallies in a matrix,
Mediey and Mitzell (1963 p. 271) state that "Flanders has devzioped the
most sophisticated technique for observing climate so far." In the same

review Medley and Mitzeil (1963 p, 274) referriug to the 10 x 10 matrix

'
s

'ig- state: “Flanders' scheme is extremely ingenious. Bveryone of the 100

LN T

cells in the matrix of Pig. 1{in the text]represents a different item of
behavior with its own intrinsic interest. Yet the observer needs to learn
and use only ten categories. The idea of categorizing the dominent pattern
of a three~second period rather than each statement or other uait of behavior

is alsu ingenfous."
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While the major emphasis in the above observational system is on the
classification of the affective or social-emotional effects of teacher
behavior, a distinct shift in emphasis toward the classification and
description of the logical and cognitive ae
be seen in the work of Smith et.al, (1962 b.), Wright and Proctor (1962),
Bellack and Davitz (1963) and Aschner (1963). Smith (1962 a.p. 326)
persuasively advocating such a shift in emphasis warned that there was
developing a tendency to view the social-emotional aspects of teaching as
“more important than the cognitive -- at least as objects of study...it is
well to remember that teaching consists not only in ways of relating to
students but also in ways of dealing with the content of instruction."
Theoretical concepts of logic, language and meaning, developed by
philosophers and logicians and psychologists have been adapted for describe
ing classroom discourse in the following studies.

Wright and Proctor (1962) conceived of three main categories of verbdal
interaction, "Content," "Process," and "Attitude," o distinguish between
"high rigor" and "low rigor" teaching in high school mathematics. Each
category is sub-divided into many categories, requiring considerable.
discrimination and mathematical sophistication on the part of the observer.

A simplification would make it mora useable., An interesting time samling
technique is used consisting of observing for 15 seconds, then writing
for the next 15 seconds, and then observing for 15 seconds again, and so on,

Smith et.al., (1962 b,) developed an extremely detailed classification,
consisting of twelve major categories and about twenty sub-categories, of
t. 2 "logical operations" performed during teacher-student discussions in
the four traditional subjects taught in the high school., The twelve majox

categories of logical operations are: "defining," "describing,"




"designating," "stating," "reporting," "substituting," "evaluating,"

"opining," "classifying," ''comparing and contrasting," "conditional

inferring," and "explaining." According to Smith et.al. (1960 b.ped)

"these operations exhibit a structure which can he ohgerved
and evaluated logically by reference to rules of validity and correctness,.."

Smith et.al, (1962 b.) have made a major and significant contribution
to the description of the logical operations of teaching. Smith and co-
vorkers restricted their research to the logical operations amnd did not
develop a complete category system. The affective and procedural aspects
of classroom behavior were not accounted for, and the verbal disccurse was
coded on the basis of the "ideal response" rather than the actual response
{Smith et.al. 1962 b.p. 34). Smith and co-workers coded transcripts of
tape-recordings, and considerable simplification would be needed for on-
the=-spot or "live" coding.

Bellack and Lavitz (1963) developed a system of content analysis
for the stwdy of linguistic behavior in classrooms. Borrowing the idea
of:a "language game" from Wittgenstein, the verbal discourse was classe
ified into four types of "pedagogical moves," which ae called "soliciting,"
"structuring,"” "responding" and "reacting” (p. 7). These four moves occur
in cyclical patterns called "teaching cycles," Upon further analysis,
Bellack and Davitz found four different kinds of meaning in the content
of the messages, viz,, "substantive meanings," "substantive-logical
meanings," "instructicnal meanings" and "instructional-logicel meanings,"
The logical operations were classified by Bellack and Dawitz into: (1)
Defining (denotative and connotative) and interpreting, (2) Fact stating
and describing, (3) Explaining and (4) Evaluating (opining and justifying).
The category system developed by Bellack and Davitz is far teoo complexn

to be used for on-the-spot coding, but two features of their work are of
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congiderable relevance to this study: (1) The introduction of multiple
classification or ceding of any unit of discourse (viz., a typewritten
line) according to the pedagogical mocve, the topical content and logical
operations of teaching; (2) The great simplification and reclassification
of about thirty~three categories of logical operations developed by Smith
et.al. (1962 b.) into seven categories.

An interesting coincidence is worth noting, The earliest work on
the affective aspects of classrooms done by Anderson (1939) resulted in
the development of over f£ifty categories to measure the "I-D Index."
Withall (1949, 1951) simplified the measurement of the "Social-Emotional
Climate” by using only seven categories. Similarly, the first attempts
by Smith et.al,' (1962 b,) at developing categories of logical operations
of teaching resulted in about thirty-three categories. Bellack and Davitz
(1963) simplified and reduced these to seven. In this study the logical
operations are subsumed under four categories.

Aschner (1963) used a different approach and focused on the
responses of gifted students to infer and classify the thought processes.
Aschner's category system is based on Guilford's (1960) model of the
“Structure of the Intellect."” Aschner's five primary categories are:
"Cognitive-Memory (C-M), Convergert Thinking (CT), Divergent Thinking (DT),

Evaluative Thinking (ET)... and Routine" (Aechner 1963 p.59).

Summaxy of Research Reviewed

A number of points emerge from this somewhat historical review of
the literature: (1) Thomas et.al. (1929) picneered and helped estabiish
systematic observation as a valuablz vregearch technique. (2) Anderson

(1939), Lewin et.al. (1939), Withall (1949, 19" =:learly demonstrated
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the key position of the teacher or group leader in establishing the
affective or social-emotional ciimate of the classrocm with attendant
effects on pupil-achievement, or work production. (3) Flanders (1962)
in addition to developing a svatem of catcoorias ¢
talk and teacher talk. introduced the idea of using matrices for analyzing
teacher-pupil intevaction. (4) Smith et.al., (1962 b.), Wright ard Proctor

(3951) departed from the traditional emphasis on social-emotional climate

<

of the classroom and developed detailed categories of the logical operations

of teaching, (5) Beilack and Davitz (1963) simplified Smith®s classification

scheme, but also used the idea of multiple ccding of a given segment of
behavior, (6) In general, the category systems emphasize either the
affective or the cognitive aspects of classroom behavior,

Each researcher has profited from prier work and has added to our
knowledge of both classroom behavior and techniques for research. A "new"
researcher in this area can now draw upon an armamentarium of categories
and techniques not available even five years ago.

In the writer's judgment, a highly desirable next step would be to
develop one or more category systems containing a few well established
major or global categories for the affective, cognitive and psychomotor
dimensions of classroom behavior, as well as variocus levels and kinds of
specific sub-categories. A given “specimen" of behavior recorded on tape
or film, accompanied by typescripts and still photographs, could then be
used for multiple-coding and analysis tc provide different "levels" and
kinds of information. Such analysis could be compared to the biologist
cr mineralogist examining a "specimen" for "field" characteristics nd also
under a microscope at different levels of maguification, or undertaking.a

chemical analysis of the constituents. Certainly a "specimen" of classroom

bebavior ic infinitely more rich in information, detail and pattern than any
rock or plant or animal specimen.
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CHAPTER III

DEVELOPMENT OF THE CATEGORY SYSTEM
Theoretical Considezations

While the msjor purpose of this regearch was to develop an
observational method that would be useful in gatharing data in biology
clasces, it wust be borne in mind that ewpirical study and theory aze

inter-related, As Hollander aud Hunt (1963 pel) state: "The selection

of a methodology depends, implicitly if not explicitly, upon the particular

concepts which guide research in the first place.”

At the very outset one must deal with the coumon misconception
that a scientific study of the phenomenon of teaching is only 2 matter
of.seeking the facts of classroom life in an unbiased manner and
objectively stating and describing what one observes. Rather, it must be
recognized that scientific knowledge about the world is constructed by
man and must be zs reliable and as representative of the complexity of the
phenomenon as possible. As Schwab (1960 p.178) staces: ‘“For the purposes
of science, facts can no Ionger?be treated as self-existing givens, They
are matters contingent on the kﬁower: on the operations he performs
to bring them into view and on the conceptions which organize and contrcl
his opezations,"

In the ensuing pages, the writer wiil attempt to clearly state the
notions and concepts that have guided the development of the category
gystem reported in this study., In other wcrds, the theoretical frame of
reference will be made explicit.

Historically, ideas about education and ths nature of man have long

been the province of philosophers, and much of the history of education
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is in a gense a history of philosophy. It hag been in the relatively

short period of the iust two centuries that the content of the chapters

in the book of educational history have been pPredominantly influenced by

social scientistg.

With the emergence of psychology and more recently scciology and
anthropology as sciences, each claiming to study man and provide
explanations of his behavior, educators found themselves choosing among
ccmpeting concepts of personality, society and culture as the determinants
of behavior. Even more recently, within the past fifty years, with the
emergence of social-psychology as a science, attempts to systematically
integrate the findings from various behavioral sciences have yielded more :
comprehensive concepts for our understanding of human behavior, and one
such concept, viz., social intersction, is virtually at the crossroads of
the behavioral sciences, As Bollander and Hunt (1963 P«255) so0 eloquently
state: "Human interaction is a nucleus and 'Psychological, sociclogical,
and anthropological manifestations all coalesce shout it producing its
particuler coloratiocas' ..., Comprehension of the nature of social
interaction is therefore a central task for social psychology,"

The process of intersction can be viewed from a number of per-
spectives, and while it ic generally recognized that interaction is multi-
determined, different theorists give varying amounts of emphasis to the
Andividual, social and cultural determinants of interaction. Setting aside
the question of the relative effects of these determinants, interaction
can be viewed as being an overt Process, viz., communicatfon, which can
be obzerved and recorded by an observer, and a covert process, viz.,

Perception, which can be inferred from the observed behavior.
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From the viewpoint of the writer, at the very center of teach-
ing, at least at the present time, is the classroom group, consisting
of a teacher aud pupils engaged in the process of social interaction
directed towurd the achievement of various purposes, especizlly the
attainment of educational objectives. The description. prediction,
and ultimately the control of classroom interaction is therefore the
central task for the newly emerging science of teaching.

It is apparent from the immense complexity of teaching viewed
as a special ca;e of social interaction (Thelen 1963) that the problem
of understanding the nature of teaching must be tackled in small stens,
in the present study, restricted to high school biology teaching, the
major focus will be on the observable communicaticnebehavior of the
teacher, and the secondary focus will be on pupil communication. The
teacher is the leadexr, the authority in the classxoom. However, to say
that the : authority in the classroom does not
necessarily mean that the teacher is autacratic or authoritarian, As
Getzels and Thelen {1960, p. 56) point cut: "Indeed, even formally,
authority can in fact be delegated certain functions to tha pupils,
and frequently is. But such delegation cannot occur without the teacher's
permission, given explicitly or implicitly,"

To a large extent, the teacher influences not only the affective

or social-emotional climate but also the cognitive or intellectual

climate of the class. In the language of communication theory

(Gerbner 1963) we can say that the teacher gives or sends information,
vhether solicited or unsolicited by pupils, and one or more pupils

receive the information; when th: teacher sceks or asks for information




one or more pupils give or send information. For instance, if the
teacher asks for specific factual information, the pupils give or try
to give specific factual information. If the teacher asks the student
to explain, to formulate a hypothesis, to attempt a creative solution,
the pupils (try to) respond accordingly. A pupil's performance may
then be rewarded, accepted, corrected, ignored, etc. Furthermore, it
is almost axiomatic that behavior is purposive, and one can assume

that the major purpose or business of the classroom is the attainmep:

of educational objectives, or as Getzels and Thelen (1960 P.54) have

stated: "The classroom group comes together for the purpose of
learning...despite the immediate and particular motives of the learners
themselves."

The goals of education have been systematically classified by
Bloom and associates (1954, 1964) into the well-knowm affective,
cognitive, axd psychomotor domains. Parenthetically, Bloom's
"Taxonomy of Educational Objectives” has not been completed; the task
of classifying the psychomotor domain remains to be done. 1In the
category system developed in this study, the maior emphasis is on the
cognitive domain; but, the affective and psychomotor domain are also
included. However, only those motor qgtivities or non-verbal behavior
of the teacher specifically relevant to the attainment of classroom
goals are included and are classified in the procedural and cognitive
domains, The writer's categories in the affective and cognitive
dimensjions bear some resemblance, but are not identical, to Blcem's
categories. These domains or dimensions, though treated separately

for analytical purposes, are really interpenetvating and (nter-relaced.
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The major corncepts constituting the frame of.reference can
now be summarized as follows: Teaching is viewed as a special case
of socizX interaction cerried on via verbal and non-verhal communicatioa,
The two sources of communication in a classroom are the teacher and the
pupil{s). By virtue of his position as a leader, the teacher has

censiderable control over the form and content of communication. Thus

classroom communication is directed towards the achievement of affective,

coganitive and psychomotor objectives.

Methodological Considerations

In addition to explicating one's theoretical frame of reference,
a number of tactical decisions have to be made prior to and during the

course ¢£ the development of a category system. The decisions made in

this study and the supporting rationales are given below. The writer
bas drawn heavily from the works of Bales (1950), Berelson (1952),
Heyns and Lippit {1954); Gellexrt (1355) and Hare (1960). The reader
is urged to refer to the present category system while reading this

section.

Subjects and Situations to be Observed

Eight science teachers teaching high school biology in eight
secondary schools in central New York State were selected for obser=
vation. A search of the literature did not provide any definite answer
to the problem of optimal sample size. Ia studies of & similar nature
a vwide range was found, i.e., Anderson's study {193%9) was conducted
with about six ceachers, while the study by Bellack and Davitz (1963)
was conducted with fifteen teachers.

Whether there is an optimum sample size for the development of

system and the analysis of classroom inmteraction saame to




be more a matter of practical limitations of time, money, and facilities
than any other criferion. In the sample chosen for this study, an
attempt has been made to include as many as possible, but admittedly
not alli, of the factors that are thought to affect classroom inter-

acticn; the rationale being that the category systems developed from

observations of a heterogenous group of teachers and learning situations

world have fairly wide useability. Accordingly, within the limitations
of time and resources available, cooperating teachers with the following
characteristics were selected: The teachers were certified to teach
Biology, they had two to twenty-five years of teaching experience and
would be teaching the New York State Regents or the "mew" BSCS Biology
Courses. The researcher also made sure thst single and doubla 1a )~
oratory periods were included., It was alsc decided to select teachers from
both rural and urban schoois within a practicable commuting distance,
namely a radius of about sixty miles from Ithaca, New York. There aze
over 100 schools in this area of Centrsl New York, and data from the
State Education Department were used to identify school districts

with pupil enrolliments ranging from approximately 300-15,000 {See

Table 1).

It is not the researcher's intent in this developmental study to
make broad unwarranted generalizations, or to infer statistical differen~
tiation or calculate correlations between the above variabies and the
kinds of pupil-teacher interaction taking place in all blology classes

and laboratories in New York State, or evsn Lantral New York.
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Frequency of QObservations

Each teacher was visited once a month at regular intervals for
four consecutive months from October to January in the Fall Term of 1964.
One lecturs class and one laboratory class was observed during each visit,
except for a few cancellations due to unforseen circumstances. Each
teacher was visited at monthly intervals rather than at daily, weekly,
or forfnightly intervals on the assumption that greater differences in
classroom behavior would probably be observed at monthly intervals as
compared to more frequent visits.

Obtaining 2 Record of Classroom Behavior

The tremendous richness, complexity, rapidity and fleeting nature
of classroom behavior precludes the commonly used technique of having
an observer attempt to write down complete protocols and anecdotal
records., On the other hand, the use of sound-film or video=tape would
be an effective means of "capturing"” the classroom behavior, but the
expense invelved was prohibitive. (Though technological developnments
will soon place video tape recorders within reach of researchers operating
within modest budgets.) In this study a small, brief-case-sized,
transistorized, portable tape recorder was used to capture the verbal
conmunication and was supplemented by the observer's notes of noi-
verbal behavior devoted to the performance of pedagogical functions. A
faw tapes were transcribed, and the typescripts constituted a detailed
written record of classroom verbal behavior. While this approach to
"capturing' the c}assroom behavior worked quite well for lecture classes,
except for the mumbling and softly spoken comments of pupils, the
laboratory classes presentzd a difficult problem. Much of the teacher-

pupil interaction in laboratory classes takes place at the pupils' lab-

oratory desks at a very low decibel level, while the background noise is
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usually high. The use of a tape recorder with a singls microphone,

nc matter how strategically placed, proved to be quite unsitisfactory.
The “problem” was solved by having the teacher wear on his belt or place
in a pocket, a small cigarette-pack-sized, wireless FM transmitter
attached to a highly sensitive pen-type microphone. Teacher talk or
even whispered conversation betueen the teacher and pupils was thus
transmitted on radio frequency between 92-103 megacycles, and received
via a small transistorized portable F.M, radio connected to the tape
recorder. A set of earphones was also plugged into the radio so that
the observer could monitor-and categorize the teacher-pupil conversation
while it was being recorded. Another advantage of using this technique
was that the background noise was largely eliminated or reduced. This
technique made it possible to hear and record a large amount of verbal

interaction that would otherwise have bezn iost.

External Versus Internal Frame of Reference in Observation

An observer may classify behavior on the basis of an "internal"
or an "external' frame of reference. In using the "internal" frame of
reference, the observer is guided by the assumption that from fhe overt
behavior one can reliably infer some internal unobservable aspect of the
teacher ("actor"), such as his needs, attitudes, intentions, self-
concepts, etc. Highly sophisticated and clinically trained observers
are needed for coding, and in addition establishing the validity of such
inferences would be a major problem. 1In using the "external" frame of

reference the observer notes the effect of the actor's behavior on the

"audience." This is done by the observer taking the role of the "general-

ized-other,” and relatively little inference is required. It should be
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noted, however, that while any two categories within a system, may be
coded from the "external" frame of reference, the amount of inference
required will probably vary. For example, very little inference is
required in categorizing a given utterance as "a question” or "a
directive," while a somewhat greater amount of inferemce may be called
for in c#tegorizing an utterarce as "Teacher accepts feelings."
Actually, it would be more accurate to say that these two frames of
reference lie on two ends of a contingpm.

in this study the cbserver used the "external frame" of reference,
and asked himself the questions: What is the pedagogical function or
operation being performed? Wﬁat is the pedagogical effect of the
behavior just emitted? While a relatively modest degree of observer
sophistication is required, training is étill necessary for an observer,
not only for an understanding of the definitions of categories, but
also for developing objectivity and not imputing his intentions anq /
preconceived notibns to either the "actor" or the "audience.” The
observer must be constantly aware of the crucial distinction between

observation of behavior and evaluation of behavior.

Size of Unit of Behavior

Various units of behavior may be used for quantification, such
as an act, a word, a sentence, a paragraph, an interaction, etc. Such
units may be thought of as natural units. Behavior may also be
quantified by imposing arbitrary units, such as a typewritten line or
a time unit of a certain number of seconds or minutes.

A major problem in the use of natural units, such as sentences
and paragraphs, is the great difficulty in deciding just when a sentence

or paragraph begins or ends, especially while one is listening and
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trying to categorize the interaction. This probiem is slleviated
considerably if a typescript is carefully prepared, but even then
somewhat arbitrary decisions have to be made, e.g., should a compound
sentence .ount as one sentence Or two or three.

In this study the writer decided to use a time unit. The chief

adv%?tage of a time unit, especially foxr live or on-the-spot codiag,

is that the observer can develop a steady rhythm and be free to
concentrate on the interaction. For the observer who cannot develop

a steady rhythm or where a very high degree of accuracy is needed a
simple mechanical or electronic aid, such as a2 watch, or flashing

light, or buzzer could be provided. At the commencement of the study

the writer used a three-second unit as described by Amidon and Flanders
(1963). However, as the category system was being developed, comsiderable
difficulty was experienced in using such a short time unit, and finally

a five-second time unit was adopted. The length of the time unit

depends o a large extent on the kind of discriminations that an

observer has to make. If the categories are fairly general, few in
number, and if very few and obvious cues or distinguishing characteristics
are needed to classify a given segment of behavior, then the time units
can be\quite small, Flander's categories, such as '"teacher asks
questions,” or "teacher gives directions,"'"teacher lectures" are

examples of categories that can be coded fairly easily and rapidly. On
the other hand, if one attempts to distinguish among various kinds of
questions or directions, more skill and time are needed. In this study,
the substantive information given or asked for was further classified
according to the logical operatioms, viz., defining, fact stating,

explaining, and evaluating. Frequently, questions or statements were




phrased in such 2 way that in the first two or three seconds it was
inpossible to cateporize whether the speaker was stating a fact,
explaining, or evaluating. Much less frequeatly, even a five-second
interval was too short, and special rules were developed as stated im
the ground rules of the category svstem in a subsequent section.
another factor to be considered in deciding upon the length of
the time unit is the rate at which changes cz shifts occur in ghe kinds
of behavior being observed. The more rapid the rate of change of
behavior, the shorter the time unit must be, otherwise much of the
subtleties of human interaction would be lost. Since some of the
gehavior in certain categories can and does occur in one second; or
even less, such as a teacher saying "goed," "OK," "yes," a ground rule
has to be established so as to code the quick, shoxt 1ived oehaviors.
Such a ground rule is used in this category system and stated under the

ground rules of the category system.

Sampling an Entire Clgﬁs Period Versius Part of a Period

In observing a class a decision must be made as to whether the

behavior is o be categorized during the entire clsss period or during

¢

certain portion(s) Sf the peribd. Various sambling procédufésuare
possible and can be conveniently thought of as being either continucus
or intermitent. In the continuous sample some portion of the class
period, such as the first half, the last half, or middle third, is
categorized., Tn such cases the assumption is made that such a sample
is represen:ative of the behavior during the entire class period, or
that it is wmost representative of the behavior the investigator is

interested in studying. 1In the intermittent sample, the observer may

categorize the interaction for a short time period, say five minutes,




then rest or take specific notes for a givem number of minutes, then
resume categorization and so on. 1f an observer is interested in pupil
behavior, he may use a systematic rotation scheme to categorize individual
pupils cr groups of pupils for short periods of time.

In the writer's judgment our present knovledge of teacher-pupil
interaction is so meager that it would be more desirable to categorize
the entire class period provided it is not so fatiguing as to affect
the observer's alertness.

Iﬁ this study, the behavior was categorized for the entire
duration of the class period, even at the risk of a certain amount of
fatigue. The only exceptions were classes in which more than half of
the period was usad for a film, a test, silent reading, or student
reports. 4 strong argument for this decision is that at this early

stage of exploration the major purpose is the description of the

ptenomenon of teacher-pupil interaction in biology classes (with major

€ocus on the teacher's behavior). Heyns and Lippit {1954) make a
specially pertinent comment regarding sampling procedures: "It woeuld
seem desirable to make these procedures as all encompassing as possible
at the outset and leave questions of sampling until we have wmore

empirical data on the basis of wh.ch they can be settled definitively."

Effect of Observer on Classroom Behaviorxr

What effect does an observer with a tape~recording device have
on the behavior under observaticn? How typical or representative is
the behavior and how valid is the information obtained in a study such
as the present one? While the criticism implied in these questions
has merit, it '...should not be taken too seriously " (Medley and

Mitzel (1963 p.306). 1In a similar vein, Heyns and Lippit (1954 p.399)
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oy - : 'mo sub-dimensions of the Cognitive Dimension are "substantive . ’

Informstion-Giving" and "Substantive Information-Scoking w: Suiasts.ttivew« .

informstion, on; in this cass, the subject mstter of Biology, 3s composed-«w— - c«":‘ ‘

IR it

;of both "product" and. "process." \ mﬁ "product" refers to the facts,

S ,concepts. principles, theories, stc. of Biology, wbiie the "Pr9°°“" fe' ;;:‘:

fers to the scientific processes end methods thst generate the "product "

e ““‘fé"”a" in process and product are inter-telated. bﬂt are “P‘“t‘d f"" a

. anslytical purposesgwmw‘_w":,‘.. e } R S IR

o m_;,,, Wcognitive or substsntive information is »ptiﬂlﬂly °°m"1°‘t°d

or exchanged verbally by logical or. quasi-logicsl processes in most of .

T e e #7

e .' the» traditional schoo.l subjects. llowever, in science, demonstrstion of

phenomena, manipulation of apparatus (category five) nnd visual obser-

i

T »; a"‘ on aided or unaided by instruments (category nine) constitute .inpor- ”“"
v | tant non-verbal modes of giving and seeking informtion. . Accordingly,
| . the substantive information-giving and informtion-seeking behavior is
further classified into verbal and non-verbal behavior. 'l'he verbal
discourse in the cognitive domsin is still further classified according |
: i.,') ~ to the criterion of logicality, as "logical" CeBe s categories 61), 6F,

A 6x, 6E and "extra-logical €ege categod.cs Ty 1c, 7s. llowever, sccording

e to modern linguistic conceptions of language, whet a person does with
language and how he uses it over-rides strictly formal and, logical

prOperties, as Hockett (1958, Pe 7) cogently states' "l"rom the 1line

guistic point of view, ‘the - "logical" approach to language is too narrow," )

' Hence, in the present category system Defining, Fact stating, Bxplaining

\
and Evaluating are vieved as quasi-logical operstions rather thsn £

ormsl
or "ideal" logical operations, as vieved by Smith et.’ el. (1962 b.). snd

T .) Bellack and Davitz (1963). In brief R the criterion can be illustrated

as foll :
‘ follows if the effect of the speaker '8 words is {’to~ give thex‘meaning
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, o Definitions of Categories .
Category 1. Teachgr Praises, En'couragesI Jokes ; Reduzes Tension, - .

Accepts Feelings. The teacher praises, rewards, acknowiedges the -
contributions and effe:ts of the pupil . . Voice uSuaigy \
conveys pleasure, satisfaction, oé'pqsitive evaluation. Often a ginglé
word or phrase is used'withfgccentuation rather than Q matter of fact -
tone of voise, L3 - right;'goqd; exactly; that is a ggod s}ide. The
teacher encourages the studentﬂgo continue ;r pursue an idéa‘further,
e.8., 80 on; vhat else; ...yeS...yes...; and; anymore; uh, huh; I think
you've élﬁost finished the_dissection, keep going. This caﬁegory also e %
includes jokes, humor that is not at the expense of pupils, and statements

that help to reduce ténsion or anxiety., The teacher accepts and under=-

stands the pupil's feelingé of confusion, frustration, anger, bb}eddﬁf .

joy, satisfaction, pleasure, e.g., T know this is pretty hard ég*

understand at first; you look puzzléd, let's go over this again; 1

Y
&

think I know how you feel; that's pretty interesting, isn't it? Also

included in this category are questions or comments expressing interest

or concern in the pupil's personal health or progress in school: 1Is

your shoulder ok now? How.are you doing in your other subjects?

Category 2., Teacher Accepts Pupil's Ideas, Contributions, Work.

The teacher repeats a pupil’s answer in part, in sﬁmmary or in fuli, with

or without minor rephrasing. The teacher states in a neutral or matter of

fact tone of voice that the response is correct, or that the pupil's

ideas or suggestions are useful or wozth taking into account, e.g., that's

-~

an interesting idea; that's anctcher point; that slide is ok; yes; correct;

right. CThe teacher does not qualify, or correct the pupil's response,

The observer must be alert to quick shifts from category two to category

one or threel. S
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ever, the pupils' behavior (at least, that observed during the.categOty

f 'eevelopmmnt phase of th;s.study) differed qotably from the teacher-
bebaviot.tn the followirg respects: (L) fupils seldom, if ever, eveetly'
evaluated the teaeher's behavier in the-claesroop--i.ef, few or no‘par-'
;11er§ td"categoeies one, two, three and- four. (2) fepils'seldom gave
demonstrations, 1abofatory directions, procedural directives, and seldom

examined corrected, or supervised the work -of other pupils--i.e., few
}

or no parallels to categories five, seven, nine, eleven, twelve and

! .
~t T

thirteen., In view of the above exceptions, and since the emphasis in

this study is primarily on teacher behavior, the writer decided to allot

t 4 s
B AR

the smallest number of categories to pupils' verbal behavior, without

significant loss of detail and information. Hence, only one "dinmnsfon",

consisting of two major categories, is used to classify the‘verbal be~-

havior of pupils. Admittedly, "Pupil~Talk" is a mixed dimension since
" the "Subetantive" information giving and seeking as well as “Procedural”
information giving and seeking behaviors are included in a‘siﬁgle di-
mension. .The reader will note that fhe pupils' substantive information- -
giving are subdivided according to the same criteria of "logicel" and |
"extra-logical" operations used earlier in the classification of teacher’s
behavior, By using this procedur: the "memoryfload" and the numbers and
kinds of discriminations is kept te a minimum. In effect, fourteen sub~

categories‘of the pupils' verbal behavior are classified under two major

categories,

>

Silence

This category is used only for short pauses in communication
during teacher-pupil interaction and is not used for classifying non~

verbal Behavior specified in other categories.
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Not Categorizeable in the éat'ego_t_z” -System - Lo )
'I‘he ptesence of this "resiaual category" s important in dletet- N
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mi.ni.ng the exhaustiveness of the system, especially, dur:lng the develop- s
\ ol
ment of a categpry gystem.‘ Su,ch,,a c_ategory may become less i.mportant,
or at least have .decreasing use, after the initial trials and revisions
4 of a category system., This category is used for behaviors that cannot -
s . . . be classified or categorized into any of the other catégor:les in the '\
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OUTLINE OF CATEGORY SYSTEM'FOR INTE&ACTION ANALYSIS IN BIOLOGY CLASSES

EVALUATIVE TJI‘L\ENS?.ON {AFFECTIVE - SUBSTANTIVE)

"Positive' Affective Evaluation

1 -T Praises, Encourages, Jokes, Reduces Tension, Accepts Feelings .

Evaluation of Substantive Reggon, es . '

ad

2 T Accepts Pupil's Subst:ant:.ve Responses or Work, and Contributions
3 gualifies, Corrects ”upil's Substanti.ve Responses, Work, and

and Contributions

"Negative' Affective Evaluation

4 T Reprimands Pupil for Misbehavior, Usos Sarcasm, Shm{ta, '.l‘hgeatens '

COGNITIVE DIMENSION

. Substantive Information Gi.ving‘ - © o

Ron-Verbal .- | st -
5 T Gives Demonstration of Technique, Process, Phenomenon, etc.

Verbal

6 T Gives Substantive Information

6D T Defines Terms, Gives Examples of Texms

oF T States Facts, Describes, Gives an Account or Report of an
Event

6X T Explains, Makes Inferences, Makes Comparisons, States Re-
lationships between Objects, Events, Generalizations

6E T.Evaluates, Makes Value.Judgment, Gives Opinions about the
Subject Matter

-

6N T Gives Information about the Nature of Science

6L T Makes Statements about Lack of Informati.on and Limitation
of Knowledge

7 T Gives Laboratory and Substantive Directions'

7C T States Precautions or Requires Strict Adherence to Certain
Steps in the Procedure to be Followed

78 T Suggests or Allows Alternative or New Approaches to an
Experiment, Activity or Problem
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Substantive Infbrmati.on Sceking
Verbal

8 T Asks Questions
8D T .Asks Pupil to Define Terms, Give Ei:amples of Terms

8F T Asks Pupil to State Facts, Describe, Gi\(e an Account _oi"
Report of an Event Lo

T Asks Pupil to Explain, Make Inferences, Make Comparisons,
State Relationships between Objects, Events, Generalizations

T Asks Pupil to Evaluate, Make Value Judgment, Give Opinions
about the Subject Matter . ;

T Asks Pupil to Give Information about the Nature of Science

Sp T Asks about Problem Solving Procedures, Techniques, Steps to
be taken to carry out experiment, or to solve a problem that
». BYows out of, or is an extension of the "required" work

Non-~Verbal

L il

.

9 T Examines, Checks, Looks at, Pupil's Work

PROCEDURAL DIMENSION
Verbal

Seeking Procedural Information

10 T Asks guest:ions'regarding Class Routines, Assignments, Pro~
cedures, Materials, T Asks if Pupils Understand s Need Help,
Clarification, Repetition ’

Giving Procedural Information

4

11 T Gives Routine Directives, Gives Assignments, Gives Procedural
Orientation, Explicates Transition of Topics '

Non-Verbal

Performance of Routines and Sérvices

12 T Attends to Routines and Class-Management, Distributes Materials,

Prepares Materials, Performs Services, -Takes Attendance, Marks
Papers, Consults Notes and References

Minimal Interaction

13 T Oversees or Supervises Pupils at Work, Walks around, Stands or
Sits at his desk or some other part of the room and watches
pupils doing seat work or laboratory work
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PUPIL TALK DIMENSION P

- . 14 - P Asks for Substantive Information and Assistance Y
' . Substantive Informatior. Seeking
} , « - :
14D; 14F; 14X; 14E; 14N (See Category 8.) . 7

:Procedural Information Seeking };

14A P Seeks Assistance, Asks About Directions, Procedures ’. h

‘ s . Techniqies, Materials, Routines ’ %

15 P Gives Informati;"é‘n or Responds g

Substantive Information Giving ;

15D; 15F; 15K; 1SE; 15N; 15L (See Category 6.) B

15?7 P States, Describes, Explains, Proposes the steps he will or ¥

would take in order to solve the problem or carry out an 3

expen.ment that grows out of or is an extension of the ?

"required" work : ;

Procedural Information Giving

\ ' .

15R P Gives Information Re"arding Assigmments, Classroom Procedures :

and Routines 3

, ~ siiENGE . ‘3
16 Short Silent Periods especially after questions by teacher or :

* pupil, or after directives that are to be complied with immedi- £

ately. Also included are silent pauses four seconds or longer g

in the middle of a sentence or between sentences., Shift tc 4 4

the appropriate category, 9, 12 or 13, when pupils are engaged  :

in seat work or laboratory work or for periods of silence longer I
than 30 seconds. Y
NOT CATEGORIZABLE | b

17  Not Cateporizable in Above System. The observed behavior can~ -_:

not be classified into any of the above categories. %

[
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Procedure for Categorizing Teacher-Pupil Interaction

1l The observer should be seated‘'and ready rb start coding or cate-
.gorizing before the class begins. By prior arrangement with the
_teacher the observer should selecr a seat in the back or at the

side of rhg room such that the observer is as. unobtrusive as

-

possible while still in a position to clearly see and hear the
classroom interaction. .
: 2, The observer starts categorizing as soon as the bell or buzzer.

sounds or the teacher starts the class, whichever comes first, and

-

continues categorizing until the teacher dismisses or excuses the

~ . -

class, or the class leaves at the sound of the beli or buzzer.

3. Keeping ac steady a tempo as possible; every five seconds the
observer writes down one and only one category number to classify

.the interaction just observed in the preceding five seconds., The

category numbers are recorded in sequence in rows, If a “shift"
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or change in interaction category occurs in less than five seconds
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2

the observer records all such shifts, for instance, teacher question-~

¥

2,
sy

student response--teacher evaluation of response, may occur in rapid

-~

succession, If no "shi
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ox change occurs repeat that category
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number at the e of_the next five seconds.

4, The observer writes 16, the category number for "silence'} at the

P E N YT NP
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beginning and end of each period of observation so that the row
and column totals in thelmatrix will be the same. Sixtecn is se-
a lected somewhat arbitrarily.
5. The observer does net categorize the following kinds of behavior:

a) Pupil raises hand requesting permission to ask a question or

give an ansver,
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'b) Pupil calls the teacher's name in order to ask a question or

" : give an answver.

e

F c). Teacher nods, points to, or cglls a pupil by name or other-l
- wiée%%ndicates permission to speaic in response. to pupii’s
upr;iged hand or call,

d) Interruption of “regular" class work is noted in the margins,
Cefey ghnouhcements over the public address system, teleph;ne
calls, messeﬁgers or other Qisitors talking to the teacher,
special announcements read or made by téécher whiéh are clearly
not a parf of the regular classroom routines and procedures.
The obse?ver writes the time elapséd or puts a dot every five
seconds to account for thé time elapsed, e.g., 1§;A. announce=
ment 23 secsy or [Telephone ese.s/. At the end of the "“inter-
ruption” the observer resumes categorization.

e) Teacher mumbles or talks to himself, e.g., while looking for
supplies, looking through his notes, or while examining a
pupil's work,

6. The observer writes brief notes, in the margin, describing the kind
o: class activity or matters of interest to the observer.
7. The observer categorizes from the perspective of the “generalized
other." Only the observed classroom communication is categorized
accuording to the effect it has on the observer as he takes the role

of the "generalized other."” The observer should constantly be on

guard zgainst categorizing on ihe basis of his own biases or ine

.

ferences ragarding the teacher’s or pupil’s intentions and deep

Srepba . MGRATRG, ¢ R

seated psychological motivations, To repeat-~only the overt and

o Yrda

observable behaviors are categorized.
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Definitions of Categories
Category 1. Teacher Praises, Etiéouragesz Jokes , Reduzes Tengion, - ‘

Accepts Feelings. The teacher praises, rewards, acknowledges thé

contributions a_d effortes of

s -

tone of voice usuaxly

H"l
S'
-t ’
3
P
I

b

conveys pleasure, satisfaction, or positive evaluation. Often a 81ng1e

word or phrase is used with accentuation rather than a matter of fact

tone of voice, e.g., right; good; exactly; that is a good slide. The

», ’ ’
wr ’

teacher encourages the student -to continue or pursue an idea further,

€.8., g0 on; what else; ...yeS.eey€Ses.; end; anymore; uh, huh; I think

you've alhost finished the'dissection, keep going. This categury also o

includes jokes, humor that is not at the expense of pupils, and statements

that help to reduce tension or anxiety. The teacher accepts and under-

stands the pupil's feelings of confusion, frustration, anger, boredo;

)
kS

Joy, satisfaction, pleasure, €.+, I know this is pretty hard ép*

understand at first; you look puzzled, let's go over this again; I

)

Q?

think I know how you feel that's pretty interesting, isn't it? Also

included in this category are questions or comments expressing interest

or concern in the pupil's personal health or progress in school: 1Is

your shoulder ok now? How .are you doing in your other subjects?

Category 2. Teacher Accepts Pupil's Ideas, Contributions, Work.

The teacher repeats a pupil's answer in part, in summary or in fuli, with

or without minor rephrasing. The teacher states in a neutral or matter of

fact tone of voice that the response is correct, or that the pupil's

ideas or suggestions are useful or wo:rth taking into account, e.g., that's

~

an interesting idea; that's anccher point; that slide is ok; yes; correct;

right. CThe teacher does “ot qualify, or correct the pupil's response.

The observer must be alert to quick shifts from category two to category

one or threel. . .
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Category 3. Teacher Modifies, Qualifies or Corrects Pupil's

Substantive Re:sponses, Contributions or Work. This category is restricted

to substantive or subject matter related statements, responses, and

misbehavior are not included in this category but rather in category four.
The tone of voice is usually businecs-like or matter of fact. The
teacher's statements ranging from slight qualificatio; to complete
rejection or correction'are included, e.g., almost, but not quiteses;
that's generally true, but not in this case...; no, that's an artery,

not a vein, Sometimes the teacher "corrects" the pupil's response by
asking a question; Is that a genotype? Is that a hormone? Are you

sure you used 5cc of Fehling's solution?

Category 4. Teacher Reprimands Pupil (s) for Misbehavior, Uses

Sarcasm, Shouts, Threatens, Complains. Teacher corrects pupil's mis~

behavior, scolds, shou;s, uses sarcasm, tells student to change his
seat, to leave the clas;room, deflates pupil's status,‘expresses dig~
pleasure at students' behavior. Teacher justifies or defends his
authority, e.g., Billl just once more and I'll send you out; that's a
bright thing to do; sit down; stop talking; I don't know how I'm going
to get any work out of you; I told y&u not to fool around with the

bunsen bﬁrner; Why don't you pay attention?

Category 5. Teacher Gives Demonstration ef Techniques, Process,

Phenomenon; etc. Teacher shows (by actual manipulation) how apparatus

is to be set up, or used. Teacher actually carries out some laboratory
activity, such as using the microscope or dissecting, using chemicals,
anesthetizing a frog, etc. Teacher may '"demonstrate" (or show how) at

pupil’s laboratory desk or in front of whole class silently or along with

\
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questions, directions, explanations, etc. Categorize both the unon-

verbal and verbal, €+Zesy you take an eye dropper and add the reagent

drop by drop by drop like so and...; you hold the test-tube pointed

away from you; like

it burn? The use of visual aids such as diagrams, charts, slides, models,

etc. are mot included im this category. _
kS
Category 6. Toacher Gives Substantive Informaticn. The teacher

defines terms, gives names of oliects, states facts, laws, theories,
describes objects, processes, gives explanations, reasons, relation-
ships, engages in inductive or deductive reasoning, make;kvalue judgments,
gives opinions, gives information about the nature of science, states

that he or scientists lack certain knowledge., Note: The word Yobject"

is used to include non-living things as well as organisms or parts of
organisms, and the word "information" is used rather broadly to include
definitions, facts, explanations eic. Where applicable the following

sub-divisions or sub-categories are used, viz,, 6D, 6?, 6X, 6E, 6N,

H .
N

6L, The desigmation 6U is used to indicate that the "information"

-

cannot be classified or categorized in one of the sub-categories of

"6 e "
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Subs=Category 6D. Teacher Defines Terms, Gives Examples of Terms.

Teachers cor;vey meanings of terms in many ways, such as the following:
1) By giving examples of térms, e.g;, legumes are plants like clover,
peas, alfaifa, and so on; the heart, the stomach, the lungs, the liver,
and so on -- these are all examples of organs; another kind (type or
example) of asexual reproduction is budding,

2) By pointing to the object, model, diagram, picture, etc., e.g.,

this is a burette; this is the eye piece; here's the anther.

-
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3) By using symbols, synonyms, expressions having similgr meaning, e.g.,
carbon is C; sucrcse or cane sugar; DNA or deoxyribonucleic acid.

4) By giving the genus or class term and differentia (classificatory
definition) e.g., an artery is a blood vessel that carries blood away
from the heart. The genus or class term is "blood vessel,"” and "carries
blood away from the heart" is the differentia. The differentia may be
functions, processes, qualities or properties or attributes, €.Z8.,4 the
ventricles are the thickest chambers of the heart; the ventricles are the
pumping chambers of the heart; the biceps are the muscles that bend the
arm. Note: The distiriction between a classificatory definition and

~description of an organism or object, is often‘éubtle and difficult to

make since teachers may actually make a short descriptive statement as a

vay of "defining" or add a descriptive statement to the differentia,
Contextual clues need to be used in deciding which category to use.
Strictly speaking, to define is to give only the defining or essential
characteristics., A word is said to be defined completely when all the
essential characteristics are stated, however, teachers may give incomplete
definitions or give a few of the defining characteristics at a time.

Also, teachers may give associated as well as common or shared character-
istics to convey the meaning of the term, e.gt,'vitmmins are chemicals

that are needed by the body to maintain good health.({So are many other
chemicals,]

Hence, in deciding whether to use Category 6D or 6F, the observer
should judge on the basis of contextual clues-whether or not tGe teacher
is trying to develop the vocabulary and terminology or is giving factual
or descriptive information. When in doubt between 6D and 6F, use 6D

“on the assumption that this is the "meaning" the pupil is given, at least

for the time being.
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Sub~Category 6F. Teacher States Facts, Describeﬁ, Gives an Account

or Report of an Event. Teacher states facts without explaining or giving

relationships between facts, gives an account or report of a past or
presently occurring event, situation or state of affairs. Toucher
describes an object by stating its att ribntes, functions, structure, uses,
etc. A statement need not be an isolated bit of information to be coded
in this category. Teachers may state generalizétions as important
information to be memorized by pupils. Teachers give factual information
in many ways, such as the following:

1) Teacher states what happened or is happening, e.g., millions of people
died (or are éying) from malaria; the green plant gives off oxygen.

2) Teacher states what was done or is being done, e.g., quett Hooke

. locked at a piece of cork under the microscope; scientists are trying

to find what causes cancer.

3) Teacher states the functions, purposes, uses, structure, shape,
compositién, properties or attributes, location of an object, e.g.,

the function (purpose) of the cilia is to help the paramecium to move;
the ciiia are used for locomotion in the paramecium; the long bones are
made up of marrow, blood vessels, bony layer...; another property of the
arteries is that they a;e quite el.stic; the cells of the epidermis are
brick shaped; the adrenal glands are located above the kidneys.

4) Teacher states numerical values, how many, how much, what size, etc.,
of some object, e.g., your body contains about 12 pints of blood; the

heart beats about 70 times per minute; the heart is about the size of your

fist; bacteria divide about every 30 minutes.
5) Teacher makes statements regarding the existence (or lack) of an

object, etc., e.g., the Dodo bird is extinct; kangaroos are found in
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Australia; the nerve endings for touch are located c;ose to the surface
of the skin,

6) Teacher states something that the pupils have experienced, e.g.,
you saw the three-chambered heart when vou dissected 2

7) Tgacher states the observations, data, result of an experiment,
laboratory or class activity, or demonstrat@on.

&~
Sub-Qategory 6X. Teacher Explains, Makes Inferences, Makes
Comparisons, States Relationships bet 2en Objects, Events, Generalizations.

Teachers explain in many ways such as the following:
1) Teacher states the relationship between antecedent and consequent,
or cause and effect, and makes inferences, e.g., due to an over secretion

of the thyroid hormone, the metabolism is speeded up and...; if the diet

is deficient in:Vitamin A, then.,.; the nucleus appears darker because

£

it absorbe more iodine than the rest of the cell. Verbal cues, such

e

as because, due to, therefore, the reason, since, if...then, are very
useful in identifying explanations and inferences.
2) Teacher shows relationship by explicitly comparing and contrasting,

i.e., by stating the similarities and differences, e.g., the heart of

PRI AR IR
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amphibians is three-chamberad, whereas that of mammals is four-chagtfred.
Verbal cues, such as differ, compare, correspond, like, similar, common,
are useful in identifying comparisons.

3) Teacher states the relationship between or among events, functions,
objects, concepts, generalizations, e.g., as the left ventricle contracts,
the aortic valve opens and...; as the oxygen supply decreases the number
of anaerobic bacteria begins to increase...; the function of the left
ventricle is to pump blood to the body, and so you would expect the

muscles to be thicker thane.eee.




4) Teacher gives justification or states reasons for an opinioin, eval-
uation, laboratory precaution, e.g., the stomach is not as important
an organ as one ﬁay think because one can survive even when it is
removed; the pituitary is probably the ibstmimPOttant endocrin; gland
because it has an effect on so many other glands.

5) Teacher states the steps in ; process or procedure, such as cell
division, digestion, breathing, removal of oxygen from the blood., Sub-
category 6X rather than 6F is used, since the individual steps are not
isolafed bits of information, but are interconnected and often follow a
certain sequence as indicated by verbal cues, such as: to start witﬁ,

first, next, then, from there it goes to. Note that though laboratory

directions often include procedural explanations, the directions are coded

as category seven and not 6X.

Sub-Category 6E. Teacher Evaluates, Makes Value Judgment, Gives
Opinions about the Subject Matter. The teacher gives an evaluation or

opinions regarding the importance, value of an object, biological
function, attribute, process, event, generalization, e.g., the stomach
is not as important or necessary as one may think; I think that both
heredity and enviromment are 1mpoft§nt in determining the personality;
the proces# of mutat1on is important in producing variations, Recall that
Justification or reason for the evaluation or opinion would be categorized
as 63. Note: This sub-category does not include evaluation of pupii's
responses and behavior or misbehavior,

Sub-Category 6N, Teacher Gives Information about the Nazure of
Science, A universally acceptable, definitive statement about "The

Nature of Science" is not possible. "Information about the Nature of

Science" will be used in a broad general sense to include statements about

-science as organized kmnowledge and as processes of inquiry.
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The teacher gives information about:
1) the inter-rélatedness of scientific knowledge and scientific

disciplines;

Gl
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wce) of observation, inference, class-
ification, verification, analysis, speculétion, prediction, experimentation,
communication, generalifftion, conceptual schemes,. theories, principles,
lavs, hypotheses, etc.

3) scientific attitudes, such as objectivity, open-mindedness, belief

in cause and effect, cﬁriosity, patience, dedication, etc.

Sub-Category 6L. Teacher Makes Statements about Lack of Information
and Limitation of Knowledge., Teacher states that he'doesn't know, he is
not sure, he will "look up" the information, or that probably scientists
do not know. For example, after looking at‘some object on a pupil's slide
the teacher may say: I don't know what that is.

Category 7. Teacher Gives Laboratory and Substantive Instructions

or Directions. Teacher gives laboratory directions or instructions;

states steps to be followed in solving a problem ox setting up the
apparatus or carrying out an experiment or demonstration or lab exercise.
Tells pupils ﬁhat chemicals or equipment to use, tells pupils to look
for certain structures of an organism, or to look for certain character-
istics, such as shape, color, size, or to léok for changes in character-

istics, etc. Sometimes directions may be worded as if they were sugges-

_tions, €.8., Yyou may tr} using some iodine to stain the nucleus...you may

use either Benedict solution or Fehling solution. Definitions, facts,
explanations, questions, etc., interspersed with directions should not
be placed in cateéory 7, but in the appropriate category,

Two subecategories of Category 7 are as follows:
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Sub-Category 7C. Teacher States Precautions or Requires Strict

Adherence to certain steps in the procedure to be followed, e.g., be

careful with the acid; make sure that you sterilize the inoculating needle
before toucning the culture.

Sub-Category 7S, Teacher Suggests or Allows Alternative or New ‘
Approaches to an Experiment, Activity or Prcblem. The teacher suggests ]

an extension of the class or laboratory work., The pupil is encouraged.
to explore some interesting possibilities over and beyond the "required"
work. Also included in this category are statements that permit or
encourage pupil(s) to follow up ideas initi;ted by the pupil(s), The
pupil is not given detailed directions to follow and the outcome of
experiment or activity is not known to the pupil and possibly the teacher,
The work would be voluntarily undertaken by the pupil., The suggestion may
be couched in question form or stated explicitly as a choice, e.g., I
wonder what would happen if...; I don't know whether it would work or not,
how about trying it out...?

This category should rot be used in cases where, although alter-
natives are given, the student has little or no choice or opportunity to £

exerclise initiative or solve a problem, e.g., you may use either Benedict's

AR

solution or Fehling's eolution.

Category 8. Teacher Asks Questions Regarding Subject Matter. .

This category includes questions about the subject matter only. Rhetorical

03 'y 0

questions, directives and reprimands phrased as questions, and questions
about classroom routines are placed in othexr categories. Where applicabie

the following sub-categories are used: 8D, 8F, 8X, 8E, 8N, 8L, 8P, The

Gy

designation 8U is used if the question (about subject matter) cannot be

classified in the sub-categories.
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Sub<Category 8D. Teacher Asks Pupil to Define Terms, Give Examples

of the TYerm, Give Meaning of Words, Phrases, Sentences, Give the Name of
a Process, Object, Event, Generalization. (See 6D also.) Teachers ask

for definitions, etc.

in manv wavs.
1 Y wave.
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1) By asking for one or more examples of the term, e.g., give me an

o

example of a legume; What's another one?

2) By pointing to an object, model, diagram, picture, etc,, and asking

the name of the referent, e.g., What is this thing or structure called?

3) By asking for synonyms, symbols, etc., e.g.,, What's ancther word for

cane sugar? What is the symbol for Carbon? What does DNA stand for?

R R e oy ST et o] mmmmwm

4) By giving the genus or class term and asking for the differentia; e.g.,
What is an artery? or by giving the differentia and asking for the genus,

€+8¢ 5 Blood vessels that carry blood to the heart are called what, John?

In cases where it is not clear whether the teacher is asking for a

definition or for a description or fact, contextual clues and the teacher's

> TS S St 2o e AR R R A U

response to the pupil’s answer need to be used.

Sy

Sub-Category 3F. Teacher Asks Pupil to State Facts, Describe,
Give an Account or Report of an Event. Teacher asks pupil to state facts

or items of information without explanations, to give an account or

report of a past or presently occuiring event, situation or state of
affairs. Teacher asks pupil to describe an object by stating its
attributes, functions, structure, uses, etc, Teacher asks pupll to recite
or recall a generalization. Teacher asks pupil to state what steps of the
laboratory experiment have been taken, what data and results have been
obtained, CeBe, What happened when you added the solution? Did you get a
3:1 ratio? Uhat did you add to the egg white? Contextual clues are used

to decide whether the teacher is asking the pupil to state or recite or
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describe what he has done or the results he has obtained or whether

the teacher is asking for an explanation. {See 6F and 6X.)

Sub-Category 8X. Teacher Asks Pupil to Explain, to Make Inferences,

& Y vren A & 4o * 2
tc Compare and Contrast, to State Relationships between Objects, Events, :

Processes, Generalizations (See 6X also.,) Teachers may ask nrupils to give

a full or complete explanation by asking for antecedents and consequents,
o8y explgin how the rate of breathing is controlled; explain how we
breathe., Teachers may "'give" the antecedents, and ask the pupil to give
consequents or vice-versa. Frequently, the pupil is asked to (or need
only) give a word or phrase to complete the explanation; As the carbon
dioxide content of the blood increases, the fate of breathing does what?
Teacher asks pupil to egplain why he carried out certain operations in

an experiment, lab or class activity, or why he got certain results or to

CoAn

predict consequences, e.g., Why did you add iodine to the onion cells? 2
Why did the cells burst? What would happen if you puf the cells in /

distilled water? Teacher asks pupil teo explain processes, to give reasons

W

s
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or justification for opinion or evaluation, etc,

Sub=-Category 8E. Teacher Asks Pupil to Evaiuate or Make Value

Judgements, to Give Opinion. ¢See 6E also.) This category is restricted
to evaluation and opinions regarding the importance, necessity, value,
| AT

etc. of an object, function, process, attribute, event, etc. (not class-

O

room behavior but rather the subject matter) e.g., What is the most

]
)

important function carried out by the liver? What kind of fertilization
is better, external or internal?

Sub-Category 8N. Teacher Asks Pupil to Give Information about

w3

the Nature of Science.(See 6N also,) Teacher asks pupil to give informa-~

tion about inter-relatedness of scientific knowledge, the processes of

science, scientific attitudes, etc.

Y
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Sub-Catzgory 8P. Teacher Asks Pupil about Problem Solving

Procedures, Techniques, Steps to be taken to carry out lab activity or

experiment or to solve a problem presently or in the future. Teacher
asks pupil to state, describe, expiain, how he would carry out an
experiment or activity for which the teacher has not given directionms.

The experiment or activity or problem represents an extension of the class

or iab work and is not required work, e.g., How would you go about find-

4

ing out the effect of,,.? How would you set up an experiment to find
outie.? This category does not include questions asking a pupil to
state or explain what steps of the lab directions (given by the teachers)

have been carried out or how he has or will carry out the directions.

Category 9. Teacher Examines, Looks at, or Checks Puzil's Work.

o I T Y
ST

Teacher looks at pupil’s siide under a microscope, dissection, ''set up"

. SEE
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of apparatus or other product of activity. Teacher quickly reads or

2
1

%

checks a pupil's drawing, data, results, seat work, etc; €.ge, 1 see

To
i &

the nucleus; I don’t see an amoeba; I see a white blood cell on the far

()
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left; I can't find any dividing cells. The teacher may look at pupil's

seat work, lab work, results, etc., either on his own initiative or in . T . fg
. 3
response to a question or request by - 11, 'g
Category 10. Teacher Asks Qu = .  regarding Class Routines, l%

‘4
4

Activities, Assignments, Procedures, Ma:ic..als. In this category are

included all questions related to the management of the classroom and
; laboratory, e.g., How many of you need more time to finish? Did you

find the inoculating loop? How many people need review books? When did

R N | L

you have study hall? Do you understand? Is everything o,k.? How’s it

coming? Any questions? Did we finish the circulatory system on Friday?

Did you finish already? Do you have your homework?
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Category 11, Teacher Gives Routine Directives, Gives Assignments,

Gives Procedural Orientation, Explicates Transition of Topics. Teacher

calls class to order, excuses or dismisses the class, tells pupils to
Tead, write, draw diagrams, to hand in work, toc take out or put away
books and equipment, to clean up the equipment, to put things in crder.
Teacher give: an assignment with or without suggestions about how to study,
what to look for, etc. Anmnounces quizzes and tests, tells what will be
covered, how long test will last, how much the test will count. Teacher
announces the "fesults" of tests, quizzes, assignments, makes comments
regarding classwork, homework, tests, etc. Teacher tells pupils to be
gareful, neat, hurry up, to use ink. Teacher places the day's work in
context, tells relationship with other topics of the courses, gives
rationale, reasons for study of the specific topic or subject, explicates
transitions, asks students to pay séecial attention to some aspect of an
assignment, or chapter, or discussion, or question or statement, gives
scope and limitation of a topic, assignment, provides framework or
explicates frame of reference, gives cues that focus students' attention
to particular aspects of the subject matter. Teacher tells pupils how
teacher is‘going to present the material, e.g., in general terms, briefly,
as an introduction to more detailed study, as details of a prior general
Statement, etc. Teacher tells pupils how present topic or knowledge is
related to past or future subject matter. Teacher tells pupils certain
topic will be covered later, etc. Teacher tells pupils that he is returning
to a topic previously studied. Teactor tells pupils the reason for deing

something a certain way, i.e. the rationale for class routines and pro~

cedures.
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Category 12, Teacher attends to Routines and Class-Management,

Takes Attendance, Distributes Materials, Prepares Materials, Performs

Services, Teacher takes attendance silently or calls st pupils’ names
is not coded) distributes or EOIiééﬁS.ﬁapefs, booKks,
lab equipment and materials. Teacher prepares solutions, udéroscope
slides, weighs material, sets up apparatus, sets up démonstration, takes
care of aquaria, terraria, plants, animals. cleans up the classroom or lab,
Teacher goes to shelf or stockroom or some other room to get materials.,
Teacher corrects papers, writes or reads at desk, looks up reference book

notes ., text, etc.

Category 13, Teacher Oversees Pupils at Work, Engages in Minimal

Verbal Interaction. Teacher walks around the room or from one lab desk
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to another without stopping at any.desk for longer than 4 or 5 seconds.

Teacher sits or stands silently at desk or some part of the room looking

Wl

B

at the class as a whole. He is not specifically examining any student's

Ve

LA
st b

vork at a desk but rather overseeing the work of 'the students. As a

{

result of this activity he may observe one or more students doing some~

thing which may necessitate some other kind of interaction.

1}

et b ades At

If the teacher stops at a desk for longer than 4 or 5 seconds
and examines or looks at pupils' work use category 9. If tche teacher is

walking around getting or distributing materials, cleaning up or engaged

TP U
RN N, (Y

in routine tasks use category 12,

Category 14, Pupil Asks for Information and Assistance. In this

category are included all questions asked by pupils. Wherever applicable
the following sub-categories are used, viz., 14D, 14F, 14X, 14E, 14N,

14A, The designation 14U is used if the question cannot be classified

in the relevant sub-category.
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Sub-category 14D. Pupil Asks for Definitions, Examples of Terms,
Meaning of Vords, Phrases, Sentences, Name of a Process, Object; Event.,

Sub-category 14F. Pupil Asks for Facts, Descriptiqn, Account or
Report of Event, o

Sub-category 14X. Pupil Asks for Explanation, Inference, Cgﬁgarison,
Relationship between Objects, Events, Processes, Generalizations.

Sub-category 14E. Pupil Asks for Evaluation or Value Judgment,
Opinion about the Subject Matter.

Sub-category 14N. Pupil Asks for Information about the Nature of

Science.

The criteria and examples already mentioned unaer category eight
are applicable and need not be repeated. Note: It is often difficult to
hear clearly and fully what the pupil is saying. Of;eq the observer
has to rely on fragments of a question, or repetition of the question

by the teacher and sometimes infer the type of question from the response

of the teacher. An important clue to remember is that the pupil is
seeking substantive information of the kind mentioned under category
six. Though questions are addressed most frequently to the teacher, the
" above sub-categories_are used for questions dire;ted to other pupils
also, but only vhen they are asked in the course of a discussion and ;re
permitted by the teacher. Whispered questions to pupils seated near-by

are not categorized.

Sub-category 14A, Pupil Asks abouq~§aboratogz Directions, Tech~
niques, Procedures, Materials, Classroom Routines, This category includes

a major portion of questions asked in the laboratory and a relatively

minor portion of questions asked in the lecture-discussion classes,

-

Broadly sﬁéaking, questions included in this sub-category solicit

assistance from the teacher in many ways. Though these questions are
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not further sub-divided they will be grouped in the following examples:
1) Pupils ask for and about laboratory directions and techniques, 1.e.,

the kind of directions included in category seven and sometimes requiring

e.g T 2add? How do I

- S8 VY -

know when to stop heating? How does the bunsen burner work? What should
I use to stain this slide? How many test tubes do I need?”

2) Pupils ask for materials and services, i.e., they solicit teacher
behavior included in category twelve, e.g., Where is the Fehling's
solution? 1 need some test tubes, Where is the book?

3) Pupil asks for confirmation or verification, asks if his laboratory
work or seat work is correct, right, whether it is what he is supposed
t;o be doing, i.e., soliciting the kind of response included in categories
two and three, e.g.; {xre those things in the center the chromosomes?

Is this slide OK? 1Is this the color we should get? Is this blue-black?
4) Pupil asks about classroom or laboratory routines, procedures,
assigaments, quizzes, etc., i.e., the kind of directives included under
category eleven, e.g. > When is c‘mr homevwork due? What did 1 get on the
test? Where is the soap? Where do I put the slides?

Category -15. Pupil Gives Information or Responds. In this
category are included pupil responses to questions asked by the teacher or
another pupil as well as "voluntary" information given by the pupil.

Note that the respohse may be just a-word or two or a few sentences.
Wherever applicable the following sub-categories are used, viz., 15D,
15F, 15X, 15E, 15N, 15L, 15P, 15R. The designation 15U is used if the

"information” cannot be classified in the relevant sub-category.

te

Sub-category 15D. Pupil Defines Terms, Gives Examples of Terms,

Process, Object, Event, Generalization, etc.
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Sub-category 15F. Pupil States Facts, Describes, Gives an Account
or Report of an Event.

Sub-category 15X. Pupil Explains, Makes Inferences, Makes Com-

parisons, States Relationshigs between Objectsz Events, Generalizations.

Sub-category 15E. Pupil Evaluates, Makes Value Judgment, Gives
Opinion about the Subiect Matter.

Sub=category 15¥. Pupil Gives Information about the Nature of

Science.

- Sub-category 15L. Pupil Makes Statements about Lack of Information

and Limitation of Knowledge.

The ¢riteria and examples mentioned under category six are applicable

and need not be repeated.

Sub-category 15P. Pupil Proposes the Procedures, Techniques or

Steps to carry out lab activity or experiment or to solve a problem

presently or in the future., In this category are included only those

statements which are proposed by the pupil. A recitation ;f definitions,
facts, explanations regarding teacher-given lab directions or problem-
solving procedures should be coded as 15D, 15F, 15X, etc. The statements
in Categbry 15P would be called for by the questions in sub-category 8P,
e.ge, in order to find out the effect of temperature on the heart beat

I would...; I would set up an experiment in which...

Sub-category 15R. Pupil Gives Information reparding Routines,
Classroom Procedures and Activities, Assignments, Materials. Responses

in this category usually consist of a yes or no or raising of hands,

phrase or a short phrase. The pupils' responses are usually solicited by

questions in category ten.




Category 16. Silence. In this category are included only pauses
and short periods of silence occurring after a question has been asked,
a directive or a reprimand has been given, or in the middle of a sentence
‘as teacher or pupil gropes for words or pauses to think. The silence
must be at least four seconds in dﬁration. However, in this category
do not include periods of silence longer than 30 seconds encounterad
while pupils are reading silently or writing or carrying out laboratory
activities, use the appropriate teacher behavior category, such as nine,
tuelve or thirteen., |

Category 17. Not Categorizable in Above System. In this category -
are included only those statements or behaviors which cannot be classified
into any of the above categories according ts the criteria and definitions
of this system. Wherever possible a notation should be made in the margin

to indicate the behavior categorized as "17."
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Ground Rules for Cacegorizigg Teacher-ngil Interaction

; Teacher-pupil interaction is bewilderingly complex, and there

A T A e
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___________ uances and gradations. A category system
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is after all an artificial classification scheme and the compartmentali-
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zation of the fluid, complex, process of human interaction into mutually

>0

- exclusive categories is achieved by the use of more or less arbitrary
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"cut-off points.”" The aforemertioned categorization and the definitions

of categories should enable an observer to use the category system with

a fairly high degree of reliability.

However, many problems in coding arise due to 2 number of factors,
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E} such as the following: inaudibility and indistinguishabiliry of words,
3 phrases or sentences, ambiguity, vagueness, unigue stylistic devices,
rapid interaction, confusion due to two or more persons talking at the
same time, simultaneous occurrence of verbal and non=-verbal behavior
classifiable in separate categories, changes in the middle of a sentence,
incomplete sentences and conflicting cues within a single sentence. It
. would be impractical, if uot impossible, to 1list rules to cover ewvery
eventuality and a trained observer has to use his best judgment. How-
ever, in order to increase the objectivity of the category system, cer-
tain (arbitrary) ground rules covering the more commonly occuning proble~
matical situations are given below:
1. Iwo or more persons are talking at the same time
a) If the teacher and one or more pupils talk simultaneously,
categorize the teacher's speech. (The emphasis or focus in
the category system is on teacher behavior,)

b) If tﬁo or more pupils talk simultaneously (while teacher is

silent), categorize the speech of the pupil who was or is




"recognized" or "acknowledged" by the teacher.

2, Verbal and non~verbal behavior categorizable in two categories
occure at exactly the same time.

a) Categorize only the verbal behavior when the non-verbal
behavior is of a routine nature (category 12 and 13), for
example, the Leacher gives directions, gives information,
asks guastionsz, praises, reprimands, etc., while distributing
materigls suéh.a; laboratory supplies,‘papera, books, erasing
the chalkboard, "setting up" a projector, etc.

b) Categorize both verbal and non-verbal behavior when the non-
verbal behavior {category 5 or 9) is in the Cognitive Dimen-
sion,

i) Teacher gives a demonstration (category 5) and talks at
exactly the same time. This situation has been observed
very infrequently, usually statements or questions pre~
cede, follow, or are interspersed with Yatious non-verbal
actions constituting the "demonstration." In the rare
cases of simultaneous occurrence, one pair of category
nurders is written every five seconds (or sooner in case
of a category shiit), e.g., 5, 7, 5, 7, 5, 6x, 5, 6X,

5, 8F, 5, 8F, 5, 1i, etc,

ii) Teacher looks at a pupil's work (category 9) and talks
at exactly the same time;one pair of category numbers is
written every five seconds,.e.g., 9, 2,9, 3, 9, 8F, etc,

3. Observer is uncertain as to which ma jor category to use.

a) Categories 1 versus 2, 2 versus 3, 3 versus 4. The absence

of certain cues and subtle shifts from one category to another

aay make coding difficult. In such cases the order of
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preference is 1, 2 and 3 respectively.

b) Categories 6 versus 11, 7 versus 11, 9 versus 13, Pri;
marily due to subtle shifts within these pairs of cate~
gories unce;tainty may result as to whether a shift or
change has indeed occurred. In such cases the observer
should continue with the prevalent category until he is
certain the shift has occurred. However, the observer must
be alert to such shifts and change categories when definite
shifts do occur even if the shifts occur only momentarily.

c) Categories l4 versus 15. "Pupil-Talk" is often inaudible
or indistinguishable, but (fortunately) teachers often repeat
a part or all of a pupil's utterance or give some other
response thereby providing clues that aid in classification.
If such clues are not available use category 14.

Observer is uncertain as to which sub-category within the major

categories 6, 8, 14 and 15 should be used. Sometimes the ob-

sexver is unable to decide at the end of 5, 10 or 15 seconds as
to whick sub-category to ~'se. In such ceses the observer writes
the number of the major category alone, and then, if subsequent
talk provides the necessary clues, adds the sub-category desig-
nation. If at the end of about 15 seconds the observer still
cannot decide which sub-category td use, 6U, 8U, 14U or 15U is
used as the case may be. The observer should attempt to minimize
the frequency with which.he uses the 6U, 8U, etc. (Frequent use
of 6U, 8U, etc. by a "new" observer may be due to insufficient
training and further training may be necessary).

When teacher writes on the board, categorize as-if he were speak-

ing. When teacher draws a diagram, assume that he is describing
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something and categorize as 6F, but categorize the labels as 6D,
explanatory comments as 6X, and evaluative comments as 6E.

6. When the teacher gives an "oral quiz" and the pupils write down
the answer, categorize the teacher's ta'k into the annropriate
sub-categories, and then, while the teacher is silent and the
pupils write, assume that most of the pupils are responding

. appropriately to the type of question asked and use the correspond-
ing sub-category of pupil response, e.g., teacher asks for defi-

nition--pupils write (give) definition, and hence should be coded

8D, 8D, 8D, 15D, 15D. (Note: The numbers are written every five

seconds as usual.)
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A Test of the Reliabilitz of the Category System

The reliab;lity test undertaken in this study was the deter-

mination of the degree of agreement between two observers categorizing
the same classes at the same time. Scott's coefficient was calculated
according to the procedure! described by Amidon and Flanders (1963).

A graduate student in Sciencz Education with no prior training
in the use of category systems was trained by the writer. The training
procedure is described below: (1) A general introduction to the use
of category systems for the observation of classroom behavior vas given,
The distinction between objective description and subjective evaluation
was stresseds (2) The trainee memorized the ground rules, definitions

,and designations of the categories. (3) The trainee practiced coding
tapes of biology lectures and labs independently and under the guidance- -
of the writer; During this phase considerable discussion took place;

the more subtle distinctions and the borderline cases were discussed,

The first three steps entailed a total of approximately 30 hours spread
over a period of three weeks. (4) *The trainee accompanied the writer

to the lecture and laboratory classes of one of the teachers (teacher CD1
in Table 1) in order to practice "live" or on-the-spot coding. Following
each practiée session difficulties in coding and differences in interpre-~
tation of definitions of categories were discussed. The trainee practiced
"1ive" codinghduring three laboratory periods and one lecture petriod.
More practice was necessary in laboratory classes because of greater
difficulty involved in coding laboratery classes. Thus a total of four
practice sessions undertaken in a two-weelk period were necessary before

the trainee was judged to have'acquired a reasonably high degree of pro-

ficiency. Scott's coefficients of 0.6 or higher were reached,
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Upon completion of the training period the writer and the trained
observer independently coded one lecture pericd and one laboratory period
of the above-mentioned teacher on two successive days per week for two
weeks, i.e., a total of four lectures and four labs. The procedures and
ground rules of the category system and definitions of categories were
followed, aé stated, The percentage of observations attributed by the
writer (observer A) and the trained observer (obsetrver B) to each cate~
gory during four lectures and four labs are showﬁ{in,Tables 2and 3, A
category by category comparison of the degree of:iﬁter-observer agreement
can be made from Tables 2 and 3., The data in Tables 2 and 3 were used
to calculate the Scott's coefficients of inter-observer agreement pre-
sented in Table 4., These coefficients indicate that high inter-observer
agreement was achieved (0.8 to 0.9), especially during the last two
visits.

Unfortunately, owiny to other commitments, the trained observer
was not available for more visits to the classes of teacher D1, or for
visits to the classes of other teachers. The coefficients of ﬁgreement
presented in Table 4 justify confidence but cannot be considered as a

conclusive demonstration of reliability of the category system, Purther

tests would be highly desirable.
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TABLE 2 PERCENTAGE OF OBSERVATIONS ATIRIBUTED TO EACH CATEGORY

BY TWO OBSERVERS DURING FOUR LECTURE PERIODS af

Categofy Lecture 1 Lecture .2 _ Lecture 3 Lgctur’g 4
ObsA Cbs B Obs A ObsB Obs A Obs B Obs A Obs B
T Praises 1 1.5 2.8 2.4. 4.3 1.4
T Accepts 2 7.0 8.5 S.1 7.8 5.9
T Corrects 3 1,5 1.0 1.8 1.6 1.4
T Reprimands 4 08 1.2 63 02 09
T Demonst:rates 5 0 0 0 o 0 0] 0 0
T's Infolne 66U .4 O 0 0 6 0 2 0
T Defines 6h 7.9 2.4 4.1 7.2 5.8 5.7 5.9 5.1
T Gives Facts 6F 10.9 17,1 16,3 11.1 17.3 19,2 18.8 19.9
T Explains 6X 10,5 7.5 17.9 18.7 12.8 11.6 12,4 12.1
T Gives Eval 6E 1.1 2.3 1.4 2.9 3.0 3.3 o7 9
T Nat Sci. 6N O 0 0 4] 47 0 0 8
T Lacks info 6L O C L0 0 0 1.9 1.2 «5 «6
Sum Of 6’3 3908 30.1 39.7 39‘8 4;..;3 4190 3805 39.3
T Lab Direct 7 0 o 0 0 o2 0 0 0
T Cautions ¢ O 0 0 0 0 0 0 0
T Suggests 7% 0 0 0 o 0 \] 0 0
Sum of 7's 0 0 0 o o2 0 0 0
T's Ques Unc 8U c2 o2 0 0 o 0 a2 "2
T Asks Def 8 6.0 2.8 5.9 2.3 3.5 3.1 4,7 4.4
T Asks Facts & 5.6 10.3 5.2 6.9 6.3 6.4 3.0 3.8
T Asks Expl 3X 5.3 549 3.1 &,1 2.1 2.8 3.8 3.4
T Asks Eval 8E «6 2.4 0 3 0 0 0 0
T Nat Sci 8N O 0 n 0o 0 0 0 0
T Asizs Prob g 0 0 9 0 0 0 0 0 -
Sum of 8's 17.7 21.6 14.1 11.9 12.3 11.7 11.7
T Looks 9 0 0 0 0 0 0 0
T Asks Proc 10 3.2 3.5 1.4 1.8 1e7 2.1 1.9
T Rout Dir 11 12,2 9.2 9.3 11.2 9.7 11.8 10.8
T Routines 12 3.0 2.8 5.1 4.7 4,2 5.6 4,5
T Supervises 13 0 ¢ 0 .2 3 0 0
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Ty TABLE 2 (CONTINUED)
Category Lecture 1 Lecture 2 Lecture 3 Lecture 4
‘ Obs A Obs B Obs A Obs B Obs A Obs B Obs A Obs B
P's Ques Unc 14U 0.8 0 0 0 0 0 0 0
P Asks Facts 14F ,2 o5 o2 o2 o2 1.0 o2 »0
P Asks Expl 14X .8 1.4 1. 8 0 0 o7 1.7
P Asks Eval 14E O 0 0 0 0 6 " 0 0
P Nat Sci 14N 0 0 0 0 0 0 0 0
P Seeks Asst 14A .8 o9 oh o6 1.1 .9 1.0 o6
Sum of 14's 3.0 3.0 2.0 1.7 1.2 1.9 2.3 3.2
P's Info'Unc 150 .9 ob od 0 1.4 5 . 3.3 o6
P Defines 15D 3.8 1.4 3.9 2.9 3.5 2.9 4,2 3.8
P States Facts 15F 5.5 5.2 5.2 5.6 5.1 5.2 5.2 6.8
P Explains 15X 3.4 3.0 2.5 3.5 1.9 2.4 2.8 2.7
P Gives Eval 158 .4 o7 0 . 0 2 0 0
P Nat Sci 15N 0 0 0 0 0 0 o 0
P Lacks Info 15L .6 o7 0 0 b 2 S b
P Gi Prob Solv 15 O 0 0 0 0 ¢ 0 0
P Gi Rt Info 158 3.8 4,0, o7 1.4 2.6 2.8 1.4 2;5
Sum of 15's 18.2 15.3 12,7 13.9 14.9 14,2 17.4 16.6
Silence 16 ) o7 9 8 o7 b o7 o6
Unclassifiable 17 O 0 0 0 0 0 0 0
N 531 573 557 623 570 575 572 529

al/ Figures = % of total observations in each lecture class.
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TABLE 3  PERCENTAGE OF OBSERVATIUNS ATTRIBUTED TO EACH CATEGORY BY
THWO OBSERVERS DURING FOUR LABORATORY PERIODS _g/
Category Laboratory 1 Laboratory 2 Laboratory 3 Laboratory &
ObsA Obs B ObsA Obs B Obs A Obs B Obs A Obs B
T Praises 1 1,0 1.3 0.3 0.6 0.3 1.2 0,2 0.2
T Accepts 2 2.5 o6 3 6 2.8 2.0 1.8 2,6
T Corrects 3 o o2 0 0. 1.0 .2 .6 .S
T Reprimands & o2 o2 0 o 0 0 o7 5
T Demonstrates 3 8 1.3 0 0 o6 .8 2,6 1.2
?'s Info Unc 6U o2 oA 0 0 0 0 0 0
T Defines 6 O o2 0 0 3,0 2,2 1.8 1.1
T Gives Facts 6F 9.2 11,9 8.5 6.9 6.6 5.3 7.1 8.2
T Explains 6X 8.4 5.4 3.8 4.3 1.0 3.0 c .
T Gives Eval 6E 2,3 2.9 1.2 o9 1.0 1.0 o9 o2
T Nat Sci 6N 22 0 0 0 0 o 0 0
T Lacks Info 6L o9 1.6 .S 1.1 0 0] 0 o2
Sum of 6's 20.9 22,6 14,3 13.2 1.6 11.5 9.8 10.2
T Lab Direct 7 7.8 7.9 6.4 8.3 1z.0 11.5 8.4 8.9
T Cautions 7C o6 b .9 0o 2 o2 b o2
T Suggests 75 o2 .2 .9 0 0 0 0 0
Sum of 7's 866 8.6 8.8 8.3 12,2 11.7 8.7 9.1
T*s Ques Unc 8U 2 0 0 o 0 o 0 0
T Asks Def b O 0 0 0 b .8 3.1 2.3
T Asks Facts 8F 1.6 1.7 2.3 N ) 2.0 1.2 2.9 3.7
T Asks Expl 8X 4.3 3.6 .9 2.6 2 .8 0 o2
T Asks Eval SE O oh \ 0 0 0o 0 0
T Nat Sci N 0 G 0 3 0 0 0 0
T Asks Prob g O 0 0 0 0 0 0 0
Sum of 8's 6.2 5.6 3.2 3.4 2.6 2.8 6.0 6.1
T Looks 9 6.4 8.0 6.7 9.2 7.5 7.7 5.1 3.2
T Asks Proc 10 2.9 4,2 1.8 1.7 3.0 3.0 1.1 1.4
T Rout Dir 11 15.0 14.4 9.& 6.9 6.6 6.7 %1 8.8
T Routines 12 9.6 7.7 394 44,0 20,6 2).6 36.4 37.3
T Supervises 13 9.0 9.4 6.1 2,0 17.0 14.3 5.8 6.3
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TABLE 3 (CONTINUED)
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Laboratory 1 Laboratory 2 Laboratory 3 Laboratory 4
Obs A Obs B Obs A Obs B Obs A Obs B Obs A Obs B

Category

’ P's Ques Unc 14U O 0.2 0 0 0 0.2 0 St
P Asks lLef 4D O 0 0 0 .2 o4 0 0
P Asks Facts 14F .8 1.9 3 o6 1.8 1.0 1.3 2.1
P Asks Expl 14X 1.0 1.1 0 0 o2 0 o 0
P Asks Eval 14E O 0 0 0 0 0 1) 0
P Nat Sci 48 O 0 0 0 0 0 0 0
P Seeks Asst 14A 3.9 3.1 3.8 3.4 3.0 5.0 3.8 3.3
Sum of 14's 5.7 6.3 4.1 4,0 5.2 6.7 5.1 5.8
P's Info Unc 150 .6 0 0 3 4,0 3.7 A o7
P Defines 150 0O 0 0 0 N ) 3 2.2 1.6
P States Facts 157 3.3 2.5 3.8 oD 3.6 1.4 2.6 2.6
P Explains 158 2.9 2.5 3 o3 2 N 0 0
P Gives Eval 158 O 0 0 0 0 2 4] 0
P Nat Sci 158 O 0 0 0 0 0 0 0
P Lacks Info 151 .2 0 0 3 S 0 N 0
P Gi Pxob Solv 15P O 0 0 0 (4} 2 (4 0
P Gi Rt Info 15R 3.1 3.8 1.2 2.9 1.7 2.1 A 1.6
Sum of 15°'s 10.1 8.8 5.3 4,6 8.4 8.7 6.0 005
Silence 16 .6 1.1 N 1.7 A & 1.l b
Unclassifiable 17 O 0 0 0 (4, 0 0 6

N 487 479 342 350 501 494 550 573

a/ Pigures = % of total observations in each laboratory class,




TABLE 4 COEFFICIENTS OF AGREEMENT OF TWO OBSERVERS IN FOUR LECTURE
AND LABORATORY CLASSES a/

Lecture Number Laboratory Number

1 2 3 4 1 2 3 4
Coefficient of agreement .82 .81 .90 .91 .86 .76 .91 .89
based on major categories ‘ .
Coefficient of agreement .54 .61 .85 .80 74 .60 .78 .79

based on all categories

a/ Data used in calculation of Scott's coefficients are prescnted
in Tables 2 and 3.

Scoti’s coefficient of agreement =

P, = Proportior of agreement 100 - total % disagreement

; 2
P, = Proportion of agreement by chance = Z___ Py
i=1
k = number of categories

P, = % in each category
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CHAPTER 1V
TEACHER-PUPIL INTERACTION IN BIOLOGY CLASSES

Procedure

.. ... s

ioped in this study was used during the

Spring of 1965 for the observation of teacher-pupil interaction in high
school biology lecture-discussion-recitation classes and laboratory
classes. The major purposes of this second phase of the study were
to test and demonstrate the useability of the category system and t&
obtain data that would permit an objective quantitative description
of biology teaching (within limits of the sample size).

In addition to the éight teachers who participated in the cate-

gory development phase of this study, six other teachers were selected

according to the same criteria listed earlier. However, due to un=

expected and unforseen circumetances, such as changes in scheduling of

laboratory periods, four out of the eight teachers who had participated
in the category development phase could not be observed as planned. In

short, the data reported in the ensuing sections are based on observaw

tions of a '"sample" of ten high schocl biology teachers., Pertinent ine

formation ibout selected characteristics of these ten teachefs and the

co-operating schools is presented in Table 5. The teachers are referred Q
to by numbers one to ten instead of by name to preserve their anonymity
As shown in Table 5, the teachers'.ages ranged from 25 to 40
years, the maximum teaching experience was about 10 years. Four teachers
had Master's degrees and six had Baccalaureate degrees; most of the teach=

ers had taken additional course work beyond their degrees. Seven teachers

ﬁ'm i ' it

taught the New York State Regents Course, two teachers taught the BSCS

\
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(Green Version) course and one teacher taught the New York State
Experimental Course but used the BSCS Green Version text and labora- -

tory manual, The number of pupils in the lecture classes was usually g

about 25 while the number of pupils in laboratorx classes varied from

8 to 24, In a number of schools the smaller number of pupils ia labo-
ratory classes was due to the size of the laboratory or due to staggered
scheduling. In general, ability levels of the pupils in the lecture
classes observed by the writer were comparable to the ability levels

of pupils in the laboratory classes observed. The teachers estimated

Yo
v

the pupils' level of ability as "average” in most cases. The size of

the school districts ranged f£rom about 1600 to 14,000, It should also ,

i

be noted in Teble 5 that the teachers numbered two, three, and four

%
Mﬁ -
1
£
E
i
g
4

taught in one school and the teachers numbefed six and seven taught
in one school, This brief description of the “sample" emphasizes only
a few of the many factors or variables that may be reaggnaSIy assumed
to affect clagssroom interaction. The reader is reminded that the
purpose of the seconé phase of this study is to descfibe teachernéupii
interaction and mot to calculate statistical correlations.

Each of the above-mentioned ten teachers was visited once each .4
week for four or five successive weel:s in order to record end categorize 4

four lecture classes and four laboratery clasges per teacher. During 3

i}

each visit the classroom discourse for the entire duration of one lecture

XN

LR Nlars

i and one laboratory class was recorded on magnetic tape. The teacher=-

]
11
bl
- - L
PR e

pupil interaction was coded on-the-spot, using the category system de-

e Sl
.. " .‘ -

FJ

veloped in the first phase of this study.

4

e "8 R o W

w a7 L P v
S

” At the end of each class period, the ~“server's record congisted l% g
§ 3
i of approximately 500 observations or numbe Eech number, representing 3:
i i

one of the forty-five categories, was us.Jj to classify a segment of
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behavior every five seconds (or less) as described sarlier. The average
duration of each lecture or laboratory class period was about 43 mirutes
with two exceptions. Teacher number six and teacher nunber seven had

"double-period labs" lasting about 80 minutes. Thus the raw data for

the 40 lecture classes (4 lectures for each of 10 teachers) consisted
of 20,122 individual numbers or observations. The raw data for the
. 40 laboratory classes (4 labs for each of 10 teachers) consisted of

24,046 observations. The larger number of observations in laboratory

|

classes was primarily due to teachers six and seven having "double-1ab
periods."” It would be more accurate to say that 48 laboratory periods
were observed., To simpliify the reporting and discussion the writer

will not continuously distinguish between single and double laboratory

B <:o0%, e RO IR BRI Rt

periods. The double laboratory period may be conveniently regarded’ as "

a laboratory class of longer c_.iura.tion.

The observations or category numbers were written sequentially

in horizontal rows on ruled sheets of paper, For instance, the record

Nty

WY

LI 3
\
e T ——— I O ST
" T ¥ .
; .
amd

for oae minute of teacher=pupil interaction would be written as follows:
11, 1, 11, 11, 11, 6F, 6F, 6F, 8F, 3F, 15F, 2. These "numbers" indicate
the original sequence of behavior as well as the durat::ion of each cate-
gory of behavior since each number is written at approximately five-

second intervals. The above line can be decoded as follows: The teacher

gives xoutine directions, assignments,

K

etc., for 25 seconds, gives sub-

Cpa

PRI

Mg
A,
o T2

stantive facts for 15 seconds, and then asks pupil for factual information

AR )
o

The data were processed viz a Co

atrol Data Corporation 1604 computer at

{:g for the next 10 seconds, The pupii replies for about 5 seconds, and the é
% teachier accepts the ansver as being correct. Z
a The data were punched on IBM data cards in such a manner as to i
A . 3
g Preserve the same sequance of category numbers as recorded in the classes. ?
o4




the Cornell Computing Center. Two programs were written and used. Since
there were virtually no entries in category seventeen, i.e.,'"interaction

not categorizable in system," the programs were writtem to plot the data

into 16x16 matri¢.s and 44x44 matrices corresponding to the 16 major
categories and the 44 categories (16 major categories plus 28 sub-cate-
gories). In order to plot 16x16 matrices, all- sub-categories of a par-
ticular major category were pogled or combined; for .instance, 6U, 6D, 6F,
6X, 6E, 6N, 6L were entered or tallied as "6", and 7, 7C, 7S were tab-

ulated as "7 and so on for the sub-categories of 8, 14, and i5. By

tabulating or plotting the data into matrices of different sizes, the
data can be amalyzed at different levels of detail., Since the technique
of plotting interaction mafrices is fairly\new, and has not been described
widely in the literature, the writer will summarize the method for plotting
a mwatrix, For more extensive information the reader may refer to Amidon
and Flanders (1963), Flanders (1962) or Flanders (1964 b.)
The method of plotting an interaction matrix is 111us§rated below
with a sequence of category numbers representing the first two minutes
of an observational record: 16, 11, 11, 10, 15, 8, 8, 15, 2, 8, 15, 2,
u, 1,1, 6,6, 6,6, 6, 8, 15, 3, 8, 15, 2, 16 (for purposes of illus-
tration the sub-category designations are omitted). The first step in
tabulating the matrix is to ensure that the entire series begins and
ends with the same number so thzt the total number of entries in any
row will be equal to the total number of entries in the corresponding
col&hn. Thus, as can be seen in Figure 1, the total number of tallies
in row 1 and column 1 are the same. Similarly, the totals in zow 2 and
column 2 are the same, and so on, This is accomplished by placing a "16"
at the beginning and end of the series. Sixteen is selected because the

interpretation of the matrix is least affected by category sixteen (Silence).




The second step involves marking off the numbers in overlapping

pairs as shom: 16 11 11 1o 15, etc. The first pair is
e Y W

16-11, the second pair is 11-11, the third pair is 11-1C, and so on

Then each pair is entered into the matris one at a time so that the

.
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first number of each pair is placed in the appropriate horizontal row

B a

and the second number of that pair is placed in the appropriate vertical

column, Thus the first pair: 16-11, is entered in row 16 and columm 11

as one entry or tally. The tallies are shown by slanted lines in

Figure 1. The second pair, 11-11, is entered in row 11 and column 1%,

The third pair, 11-10, is entered in row il and column 10 and so on,
The entries or tallies in each cell can be readily converted to

percentages of total entries in the matrix. Thus in the illustration,

the total number of entries is 25, and hence the 4 entries in the 6-6

Go i v, W oau, SMTIAWER AT, SN Y eRE g 2 W

cell constitute 16 percent, the 3 entries in the 8-15 cell constitute
9 percent, the total of 5 entries in row 6 or column 6 constitute

20 percent, and so on. By expressing the entries in each cell ag a
percentage of total entries in a matrix, comparisen of entries in

twvo or more cells is greatly facilitated, especially when cell or
row totals of two or more matrices are compared,

Each rov or column total in a matrix represents the frequency
of occurrence of a particular category of behavior. For instance,
in Figure 1 there are no entries in row 1 tor in column 1) since
there were no instances of the category one, Teacher Praises, in the
two minute observational record from which Figure 1 was plotted. On
the other hand, there are 4 entries in row 8 or column 8, thus the

frequency of occurrence of category eight is 4 out of 25 or 16 percent

of total entries in the matrix.

Oy ok ey T ._M\r - RO
e 3 R A et YR AR g o o
o e e




-93—

*SUOTIBUBTAXd 10J IXSI 295--UOTIDBIIJUF WOOISSETD jJOo a1dmes ajnujm-om3 ® Jujjuasaadoa s2jajud 10

S9IT1PI 238 83U pPoajuBlS Iyl

"XTYIVH NOILOVYMIAINI NV A0 NOIIVINGVI FHI J0 NOIIVIISNTII NV

T NANO1A

sef 1y stofofof s ifofvJoJsflolofilclo A36%93%) yovg UF %303
1 / 91 Og
< \iﬁ 1 UOTIWWIOIUI SOATD °d|
0 173 UOTIWIIOFUL $40®5 °d
0 £1 sesTAledng °1|
0 * r iNn.nL sSIUTINOY O.u Spuelly °L
S /77 T1 [*O93Td [eanpedcig SeATD °%
1 A oﬂlﬂ.ﬂq-ﬂjolﬁﬂl-sl.m
0 - JE 70N 8.,d 3w sxoo] *
Y /7 ﬁ, 8 f°o PATIUPISQNS SY98S

5 7| PsTISeaTd ~qeT $eATS T
S A 17 9 [|OFUI SATIUSISqNS SATH °1;
0 (9

0 Q_ v

ﬂ -+ -

el ¢ 1 /4 / *.m ‘

0 i

‘u—cﬂ—n_nﬂunﬂﬂﬂﬂﬂ o] 61 8] L] 9} Sl v»)eclz]1




-94-

In the foregoing pages, the technique of plotting an inter-
action matrix and calculatiag various cell, row and column frequen-
cies has been described. This task is extremely'time consuming and
laborious and computer facilities are essential. The date obtained
in this study were processed via a 1604 computer to yield various
éhtrices as follows.

l. Ten 16x16 and ten 44x44 “lecture matrices" -- one matrix

(of each size) per teacher plotted from the data of four
lecture classes.

2. Ten 16x16 and ten 44x44 “"laboratory matrices" -- one

matrix (of each size) per teacher plotted from the data
cf four laboratory classes,

3. One 16x16 and one 44x44 "grand matrix" for all 40 lecture

classes of 10 teachers.

4. One 16x16 and one 44x44 “grand matrix" for all 40 laboratory

classes of 10 teachers.

In addition to the above matrices, various other scores were also
obtained. For instancé, in addition to the frequency of occurrence of
each category expressed as percentage scores, the computer was pro-
grammed to sum the frequencies in the various categories constituting
each of the dimensions and sub-dimensions of the category system, The

data are discussed in the next section.
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Results and Discussion

The overvhelming wealth and detail of data obtained from inter~
action analysis can be organized and presented in many vays. The data
are usually presented as frequencies or percentage scoraec in tshular
and graphic form. In the ensuing sections the data from four lecture
classes of each of the ten biology teachers will be pooled. The number
of observations recorded in each of the major categories and subecatee
gories will be expressed as a percentage of the tot. . observations,
approximately.ZOOO, recorded in four lecture classes for each teacher,
The data from the four laboratory classesof each teacher will be pre~
sented in the same manner, This procedure reduces the raw data of
over 44,000 observations or numbers (20,122 in 40 lectures and 24,046
in 48 lab. periods) to about 500 percentage scores as presented in
Tables & and 7.

In the interest of comprehensibility and clarity of discussion,
various portions of the data in Tables 6 and 7 will be presented in a
number of separate tables. Each table will highlight certain aspects
and dimensions of classroom behavior.

The writer views Tables 6 ana 7 as "Master Tables" in which
virtually all the quantitative information has beer summarized, These
tables give the distribution of categories in lectures and labs by
teacher. For example, from Table 6, it can be seen thai 2.2 percent
of all observati;ns recorded in the four lecture classes of teacher
number one, were attributed to category one, teacher praises pupils.
Whereas, for teacher number two only 0,2 percent of all observations
were attributed to category one. Since each observation or eniry

represents about five seconds of time, for purposes of discussion,
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TABLE 6

CLASSES OF 10 BIOLOGY TEACHERS a/

Teacher Number
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6U

6D

6F 2
6X 15,
6E

6N

6L

1
2
3
4
5
7

T Reprimands
T Demonstrates
T's Info Unc

T Defines
T Lab Direct

T Praises

T Accepts
T Corrects

T Gives Facts
T Explains
T Gives Eval
T Nat Sci

T Lacks Info
Sum of 6's

T Coutions

T Suggests
Sum »f 7's
T's Ques Unc
T Asks Def
T Asks Facts
T Asks Expl
T Asks Eval
T Nat Sci

T Asks Prob
Sum of 8's
T Locks

T Asks Proc
T Rout Dir
T Routines
T Supervises
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TABLE 6 (CONTINUED)

- . Taschar Mmbaw
vategory 1 2 3 4 5 6 7 8 9 10  ave.
P's Ques Unc 14U 0.3 0.2 0 0.1 0 0.2 0 0.1 0.1 0 0.1
P ASICS Def I&D 01 o“ 0 02 o 1 5-2 03 ol ._3 03 ?2
P Askks Facts 14F .4 .4 .5 .9 .1 .9 1.6 .1 1.2 .4 .6
P Asks Expl 14X .4 1.1 1,2 .3 .3 2,9 .4 0 3.3 1.3 1.2
P Asks Eval 14E 0 1 0 0 0 0 0 0 «3 0 o
P Nat Sei 14N 0 0 .1 0 0 0 0 0 0 0 0
P Secks Asst % .2 4 .2 ,2 .5 .8 1.1 .1 1.2 .8 6
Sum of 14's l.4 2,6 2 1.7 1 5 3.4 .4 6.4 2.8 2.7
P's Info Unc 5r .2 .2 4 .2 ,11 0 8 1 .7 N
¥ Defines 150 2.9 1.6 4.5 6 2.9 2.4 2.7 4.9 1.9 1.4 3.1
P States Facts 15F 3,6 5.4 6.5 10 3.2 9.3 5.7 4 1.7 2.8 5.1
P Explains 15X 3.5 2.5 5.3 1.5 1.3 1.5 2.4 2 5.2 3.6 2,9
P Gives Eval 153 .1 .3 .2 ,2 . .1 0 2 2 .1 .1
P Nat Sci 158 0 0 .1 0 0 0 0 0 0 e2 0
P Lacks Info 15L. .1 .4 1 ¢S 1 3 .6 .4 0 ol 3
P Gi Prob Soiv 15¢ .5 O 0 0 0 0 0 0 0 0 0
P Gi nt Info 15?\ .2 .1 .3 !9 .7 1.2 .2 .4 .8 .4 .s
Sum of 15's 0.7 10.4 18.3 19.3 8,4 15.8 11.6 12,7 9,9 ¢.3 12.4
Silence 16 2.1 3.2 7.1 1.1 1.4 3.2 5.4 6.6 1,7 1 3.2
Unclassifiable 17 0 0 0 0 0 0 0 0 0 ¢ 0

N 2245 1971 1712 2014 1988 2048 1837 1862 2233 2213 2012

&/ Figures = % of total obsecrvations fn 4 lecture classes per teacher.
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TABLE 7 RELATIVE FREQUENCIES OF INTERACTION~CATEGORIES IN LABCRATORY
CLASSES OF 10 BIOLJUGY TEACHERS a/

Toacher Number
Category 3 4 5 6 7 [}] 9 190 &ve.

()
L]

T Ptﬂisea 1 003 002 Goll 2.8 200 0.3 903 201 100 007 009
7 Acceptse 2 1.7 4,2 1 2.5 1.4 1.8 1.5 .7 1 1.7 1.7
T Corrects 3 2 12 7 7 4% .5 .3 .4 2 .7 . 1
T Reprimands 4 A7 7 T 2 2 1.3 2.3 .4 .2 1
1 Demonstrates 5 4.7 8.8 1.8 2.7 4.5 5 2.7 3.2 .3 1L.1 3.4
T's Info Unc 0 .2 © 0 i1 0 (] 0 (1] 0 0 0
T Defines 60 .4 43 0 1.8 1.7 1.3 1.2 .3 2.1 2.9 1.6 E
T Gives Facts 6F 6 15.1 1.6 6.4 11.5 4.1 3.8 1.9 3.6 6.7 5.6
T Explains 6X 8.4 10.1 3.4 4.3 6 3.6 2.2 1.6 13.4 10.4 5.9 E
T Gives Eval 6E 1 7 1 5 7 20 6 .2 .3 4
T Nat Sci 6N 0 ¢ 0 0 .2 .10 O0 o0 O 0 d
TLacksInfo 6L .2 .1 O 4 3 20 0 -0 .2 .1 E
. Sum of 6's 16.2 .3 5.1 13,5 20.4 9.5 7.2 4.4 19.3 20.5 13.6
p 3 T Lab Direct 7 16.5 3.1 14.2 11.8 14 10,7 10.9 6.7 10.7 15 11.3
] T Cautions 7¢ .2 2 a1 2 .2 .5 6 .3 .3 .2 WA
}3 T Suggests s .30 2 1 6 .2 .1 ,20 0 o2
Sum of 7's 17.6 3.2 14.5 12.1 14.8 11.4 11.6 7.2 11 15.2 11.9
i T's Ques:Unc 80U 0 O 2 .16 0 6 0 o0 o 0
N . T Asks Def 3 .2 .26 1.2 4 .7 .9 .1 .3 LS .7
3 T Asks Facts  8F 2.9 4.9 1.3 6.2 1.9 2.2 1.8 2 1.7 1.1 2.4
T Asks Expl 8 1.3 2.1 .4 13 .9 1,2 .7 .2 1,1 1.1 1 ! N
1 ThsksBval 8 ,1 .2 6 .1 ,10 O .10 O 0
3 T Nat Sci 8% 0o 0 0 0 0 o o0 98 o0 o ¢ ,
g T Asks Prob 8 4 O 7 1 3 .2 5 1 .6 0 .3
] Sum of 8's 4,9 8.6 2.6 ¢ 3.6 4.3 3.9 2.5 3.7 3.7 4.4 g ..
¥ T Looks 9 10,7 1.9 14.8 4.6 7.2 4.2 5.323 20 2.7 8.7
:\ Y T Asks Proc 10 07 202 103 305 109 202 09 3a2 .5 107 2:2 “
 E T Rout Dir 11 7.5 10.7 8.2 11.8 4.3 14,514 8.5 5.7 21 12.2 3
; T Routines 12 10.9 8.2 25.7 10.5 16.3 20.5 18.8 12.9 10.2 13.3  15.5
B T Supervises 13 8.9 4.3 10 4.6 .3 8 16.5 16.2 15.2 3.8 9.6
-
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TABLE 7 (CONTINUED)

Cateaory Teacher Number

’ ~— 2 3 & 5

P's Ques Unc 14U 0.3
P Asks Def 14D .1
P Asks Facts 14F .2
P Asks Expl 14X .5
P Asls Eval 14E .1
P Nat Sci 14N 0
P Sceks Asst 14A 3.8
Sum of 14's 5
P's Info Unc 150 .3
Defines 15p .1
States Facts 15F 3.9
Explains 15X .8
Gives Eval 15 .1
Nat Sci 15N 0 0
Lacks Info 15L 0
Gi Prob Solv 15¢ .2 O
Gi Rt Info 1R 1.5 1.
Sum of 15's 6.9 10,3 4.7
2
0

e

VO
&0 OV O NMWWNO

et
® L2 ®

.6

.
W

.8
6.9 4.7
1.2 6
0 0

.
v &~

Silence 16 .6 2, «0
Unclassifiable 17 O 0

2
0
c
¢
4
1
0

N 1836 1798 1033 1874 1855 3824 4374 2001 2284 2367 24064

a/ Figures = % of total observations in 4 laboratory classes per
teacher; teachers 6 & 7 had "double-period" labs.
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the classroom behavior can be more conveniently referred to in terms
of the amount of time spent in a given behavior. Hence, to rephrase
the above example, teacher number one praised pupil 2.2 percent of

the time, but teacher number two praised pupils only 0.2 percent of
the time. By reading across a given row in Tables 6 and 7, the per-
centage of time '.’devoted" to any given category by the various teachers
can be compared. By reading down each column of figures the percentage
of time "devoted" by a particular teacher to the various categories
can be compared,

The reader’s attention is drawn to the extremely low percentage
scores (zero percent in many cases) in the rows designated as 6y, 8u,
14U, and 15U in Tables 6 and 7. The reader may recall that according
to the Ground Rules and Definitions of the Category System, category
numbexrs 6U, 8U, 14U, énq I’.'SIAJ:z;re to be used only if the ocbserver caanot
classify the behavior inm the appropriate sub-category. Hence, low scores
in the above-mentioned rows constitutes evidence that the sub-cstegorias
were rigorously and clearly defined so that all or most of the behavior
in the substantive information giving and seeking sub-dimensions was
classified in the appropriate sub-categories, especiaily when the teacher
spoke. The percentage scores in 14U and 15U were slightly higher than
those in 6U and 8U primarily due to inaudibility and mumbling by the\
students. In the review of literature, it was pointed out that Smith
et. al. (1962 b.) and Bellack and Davitz (1963) had used tapescripts
to code the logical operations of teaching. The writer's attempt at
simplification of Smith's and Bellack's definitions of the logical
operations has apparently been successful as "evidenced" by the low

L]

percentage scores in 6U, 8U, 14U, and 15U,
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In order to simplify the discussion of various tables and matrices,

" the writer will most frequently refer to the "average" teacher or "average"
pupil rather than individual teachers or pupils. The percentage scores
attributed to the so called "average" teacher, or "average" pupil in
various tables were obtained from the row or coiumn totais of the “grand

matrices" based on all 40 lecture periods or all 48 laboratory periods

respectively. More accurately, the so called "average' teacher (or

"average" pupil) is a composite or blend of all the teachers (or pupils)

<

observed in the second phase of this study. The percentage figures or

1.

ty‘&kx.'»?.’&’(i\l = \&‘ >

Yscores” of this composite or "average" teacher and the “average' pupil

>’

will be used to provide a descriptive model or “picture'" of teacher-

)
30 gl
S

et s
i
f oo

pupil interaction in the biology lecture and laboratory classes observed
in this study, and not a prescriptive or ideal model. The writer does
not claim that this model is represeptative of all or even a majority of
high school biology classgs.

In view of the exploratory nature of this study one of the major
objectives is to raise questions from a consideration of the data. At
times the discussion will even be deliberately speculative and certain
generalizations will be made with full awareness of the limitations of
available data. It is hoped that at least a few of these questionrs and

speculations will have germinal and heuristic value for further research.
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e General Features of Teacher-Pupil Interaction in Lectures and'kgbo;atcries

1. Teacher Talk
The predominant feature of biology classroom life was that the
teacher talked mest of the time. As shown in Table 8, the average teach-
er talked ahout 75 percent of the total time in lecture-classes and about
50 percent of the total time in laboratory classes.
< 2. Pupil Talk
In marked contrast to the amount of teacher talk, only about 15
percent of the time was used in pupil tallk and, moreover, the amount
of pupil~talk was essentially the same in lectures and labz. Ii should
be recalled that informal pupil-pupil wﬁispering, socializing and taiking
was not included under pupil talk. The obsezver's subjective impression
) was that z considerable amount 9£ such acttvigf was prevalent in the

laboratory classes and would constitute a challerging area for research.

4 3. Teacher's Non-Verbal Behavior

= The average teacher's non-verbal behavior accounted for nearly
40 percent of the time in the labs, almost five times as much as in
lectures. These figures clearly support the writer's sariier state-
L . ments that a category system was needed to categorize pedagogically

relevant non-verbal behavior, especially ia laboratory classes and to

g

G a lesser extent in lecture classes.
4. Silent Pauses
Silent pauses in the classroom communication process, essentially
between questions and answers, accounted for three percent and one per-
- cent of the time in lectures and labs respectively. Possibly this
: ‘ difference was due to the greater amount of time devoted by teachers

to questioning and recitation in lectures than in labs, The range of
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GENERAL FEATURES OF TEACHER-PUPIL INTERACTION IN LECTURE

£ND LLBORATORY CLASSES OF 10 BIOLOGY TEACHERS a/

Teacher Talk b/  Teacher's Non- - Pupil Talk Silence
‘ Verbal Behavior
Lects. Labs Lects. Labs Lects. Labs Lects. Labs

SR ae T L SRR SO ST SR S e e

83.7  52.4 hel  35.6 12,1 118 2.1 0.6
81.6 61 5.3 25.1 12,9 13.7 3.2 2.1
66.6 35 3.1 52.9 20,1 11.9 7.0 0.8
7549 3 22.9 209 20.3 1.1 0.6
85.8 5 28.3 193 124 14 0.6
64 15 3844 20,7 14.8 0.8
72.3 41,1 12.1 44,7 14.8 14.1 1.5
75.2  31.7 11.7 5644 12,9 10.9 1.2
9 77.8  44.9 507 4647 164 8.2 1.0
10 80.1  65.7 7.8  21.3 11.8 12.8

AVQ. 76.3 490": 803 37.2 1501 1301 100

Range 64~86 32-66 3=13 21=56 12-21 8-15 1-7 06=2

a/ Figures = 7 of total observations, N = about 2000 in 4 lecture or
4 1lab periods per teacher (except Te nose 6 & 7, N = gbout 4000 in double=
period 1labs). N's for each teacher given in Tables 6 and 7.

e e wnmte

b/ See text for complete definitions of categories and dimensions.

Teacher Telk = Sum of Categories 1,2,3,4,6,7,8,10 & 11
Teachexr's Non~Verbal Behavior = Sum of Categories 5,9,12 & 13
Pupil Talk = Sum cf Categories 14 & 15

Silence = Category 16
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differences in time taken up by silent pauses in lecture classes was
especially striking, but a discussion of the reasons for the difference

can only be speculative  and suggestive without additional contextual

information and will, therefore, be taken up during a discussion of the

interaction matrices,

5. Non=categorizable Behavior

Buring the second phase of the study, there were vi:tualiy no
instances of behavior that were unclassifiable in ihe category sy;téh,
and hence "category sevenmteen'" will not be included in tables and figures
or in further discussion, Suffice it to state that this may be viewed

as at least a partial demonstration of the exhaustiveness of the present

system.

IThe Major Dimensicns of Teacher Behavior

The "average" teacher spent varying amounts of time in each of
the three dimensions of teacher behavior és follows: Evaluative Dimene
sion, 9 percent in lectures and 4 percent in labs; Cognitive Dimension,
54 percent in lectures and 42 percent in labs; Procedural Dimension,

18 percent in lectures and 40 percent in labs. In the ensuing pages,
the major dimensions of classroom behavior will be discussed separately
for analytical purposes while keeping in mind the underlying inter-
relatedness of the various "“dimensions'" of behavior. The order of pre-
sentation closely parallels the order in which the categories are listed.

The reader may find it helpful to refer to the outline of the category

system from time to time,

1l The Evaluative (Affective-Cognitive! Dimension

As shown in Table 9 the total evaluative behavior of the "averaée"

teacher accounted for 9.4 percent of the time in lecture classes and 4.1
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33 Ihe Cognitive Dimenaion

As ahown dn Table 10, in the columns designated "Sum 5 (o 9V,
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whole class was lowsr. It ia the writer's opinion that érdbibly evaxy
science wethod couxse deals with the iwgortance and t,agli;@iquas of good
demonstrations, PFaventhetically, this finding is highly suggestive that
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cight was unuxpactad in viw q«ﬁ the araatzar uppct!;unttg«»fox individ-

i )

walized intevaction in laboxatory Qlutqa. Bhut, the low frequency of

teachar quastions provides some axplanation, or at laast is consistent

with the lov frequancy in taachers’ evaluative vesponsas, shown earlier

in Takde 9, and tha lowexw Fvwquancy of atudants' vesponses in labs =«
showa in Table 13 and to ba disonased wova fully lates,
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interest %o datermine whether measurable 'c!xahgn 7ln teachar bah,vior
¢ould be gmductd hy waing scores ftm iz\t:eugauon analysis an s mm
of feadbmk‘ o ' N ‘ _
Table 11 ahowa that ha avaraga" bia;iwy teacher spant akout aix

pnmmg of tha total cime giving dafinitions in lectuxe clqaﬁag and lens
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while 0,1 percent, or virtually 1o time, vas devoted to eliciting
evaluative statements from pupils, Essqntiillx tha wepe pattern of
ttéu ddatribution prevailed in the laboratoxy classes with the excep~
~tion that two to threg times as many “fact quastions" ware asked com-
pared £0 wugueaes fov ii@iamt:iqm and definitions. In the labovatory
thesa "fact quastions® vere largely quéqgigng about the rvesults obtuived

as puplla varviad out the various Btaps of labovatory divections,

TR e e s

In comparing the velative fraquancias of each of the quasivlogical .
praceanan dn infopmation-giving (Tabla 11) with those in infocuation-
feaking (Rabla 12), 1t sess veasonabla to infay that teschars ask pupils

te give dafinitions wore often than facls oc wplanations, Por instamca,

o e 3 Ok,

{n leatwvan, the average teashar fava dafindtiona 8.7 pavewnt of tha
Cla amd asked puplla e dufintklons 1A pareant of tha tiway whaveas
Ut avimage Suachur gave wsplasasiang 15,2 Peteunt of the tima, bk
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References to the Nature of Science;

The teachers and pupils obsexved in this study wade very few
(average of less than 0,1 pexcent) explicit tefamnqn to the nature
and processes of aqimée, in lecture ox laboratoxy classes. The data
were prusented in Tables 6 and 7 and will not ba presented separately,
Reforances to the natura of saience occurved in the classes of four of
the ten teachexs, and tha highest fraquency of occurrence was about

0.3 parcent,

; In view of tha currant sepkasis on the naturs and procasdes of

ackonca a8 an essantial aspact of "wadern” currionla and tha commenly
wantionad nbjagﬁiée of teaahing solantific wathods in the “evaditional®
na&&aﬁa% oug s challanged by the wide disovepancy betwsra akaeed gouls
and alanavoom praotions 16 way be arguwd thag :;hg padure oF wleucs i
Fomnniaatnd {upllodRly vasher Shan eapliotily, g@% Suowabtean® sbwleats
lamin aboot Ghe sole and waties of vavious acleneifles proosases of ohe
HAVARIAN, meaNuReRent ) hypathuetuing, Sheoviutug, wlasonastavating
and fe 00 The weltse's ohjasiion ta sual AR avgieng sein he atated
vk alnplys  The pelsivy goal of salang tasshing shauld neg ha tuke
B0 ity Al 168 sshilevewant satome e anplainel awey by Baving Sha
ppils 1%% Ak Bl nabuew wf autann Savmadion® Ry saws wysbevivus
iii\ili!ﬂﬁﬁﬁﬁl}% Wittt AGMERWY sgiment way Ba sdvainnd thab b siabas
Aen I Bl wrmban ave Wb vALEL B wasminEla i halay (e deaiyaed
3 twaul Bl watues b sdlanew ve B Bl Waenvet BLiad B vmsned
" | ayily !mimlmu A DBl il poluiw wieGgaba Bhin avyueans.  Viywt, tha
WHPARRRE VA onpss LA Ll alavs I mwobivasas lone we i Palravines widuk
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of ihci\ behaviors or statements rather than specific or pémlunivo.
Their validity, or nitl@nt tleir face validtty; énonu l\iﬂh. Thixd,
‘categories is' and 8p ih;ch categoriza “zacher t;chnzv,ior devoted to
stimulating pupils toward problem Aaolvingq, exparimantation and trying
of original solutions, ha_di extremely low f_i:munmiu. Average fre- |
-quqng,iei of accurrance wexs less than 0.1 percent for catagary 76 and
0.31 parcent fc';x‘ category 88 dn Sét;h lectuvaa and 1abs, Thesn 1ow Fran
- qu‘ncjin are loglcally Qnmmﬁxt& with the low i.mqs;gs,\,ﬁi@ n tha nature
of weiance catagorien, 6% and BN, LAN swd 13N and hancs steangthan the
wibtee's confidence i tha valldity of tha sategovies, Yourth, the
dnttial Elndings éf a atudy of 17 Ehyaié b Canchacs by Bnider (Paysonal
ﬁommigﬁti:m; 1963) dnddoutw & aluilag low frequancy of vexbal vafs

C arenoud 0 tha vatura of solana.

3, on the other hand, we aeoept ke sanalualon Senkiigsnt was
furthav avidance, that vagy Few, IF any, vedevatuna aye wada i welanee
slaguag vagaciding the vatuta of salenua g sospatal &e &hg peoMiina ug
fante, soncepis and peinaiplua of solened, than savlons uons Wesstlon
mﬁ ba glven Do o the oligge i asuber bebiavior wan e auvongliahed,
AF wush changea awé 0 L saughd,
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- TABLE 13 RELATIVE PREQUENCLES OF PROCEDURAL REHAVIORS OF 10

BI0LOGY TCACHERS IN LECTURE ANG LABORATORY CLASSRS g/
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times was spent in givihg routine directives. assigmuents, atc. (cete~

gory eleven)s. The comparatively greater time spent in the procedural
dimension in la2bs was mostly due to behaviors claséed under category -
twelve, attending to routine tasks (15.5 percent), and category thir-
‘teen, suﬁervision of laboratory work (9.6 bercent).

L

The procedural dimension or behavior devoted to classroom rou-:
tines, mechanics or management'ras it has been various'l.j;r called has _
not received as much attention as fhe affective and cognitive dimen-
sions in the various category systems developed for studying classroom
| interaction. The study by Bellack and Davitz (1963) was a noteworthy
exception in this case., Whether this neglect reflects an implicit
assumption that “routine’ behaviors are not important in research on
teacher behavior, or merely unexciting as an area of research camnot
be stated. However, it seems highly probable that the ways in ;ahich
classroon roﬁti;j.nes are managed would have at least some effect on the ’
affective andtéognitive climate of the classroom. For instance, does
a higher frequency of statements that provide orientation and explicate
transition from one topic to £he next result 1n greater clarity of pre-
sentation and ']\.ess confusion and frustration? 1In the present category’
system, the categories in the procedural dimension were not further

subdivided, but further subdivision would be feasible at a future time,

4., Pupil-Talk Dimension :

%

v

Approximately 15 percent of total cbservations were categorized
undexr the pupil-ta’I‘k dimension. 1In lecture classes, pupils' questions
comprised less than a fourth of total pupil ta-lk, but in laboratories,
pupils' questions comprized about half of the pupil talk (data in Tables

6 and 7).

Before considering the various sub-categories, the reader is
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: . L - -k,
‘reminded that much of the pupil talk was extremely -difficult to héar,.

and consequently greater inference was used in categorizing on thc;baais
of partially hea;d questions and reéponses, as described in the ground
rules of the category system.AlHenge\the~§riter feels less corfident

than he would wish to be abo;t the frequencies of the:various subdivisicns
of pupil talk reported in Tables 14 and 15.

_ Pupils' information-seeking behavior

As shown in Table 14, an average of 2.6 percent of the time in
lecture classes was spent by pupils in asking questions, ¢nd 1.2 percent
or about half of that time, was used in seeking explanations. By con-
trast, ;béht two-thirds, or 4.6 out of 6.3 percent of the time in labo-
ratory classes was used by the "average" pupil in.asking for procedural
assistance (category 1l4A).

- 1f we interpret pupil questions as requests for clarification,

teacher gave definitions, explanations, directions, etc. On the cother
hand, if we intéfpret pupil Guestions as evidence of interest, an intri-
guing pogsibility of measuring pupil inferest could be explored. However,
it is mo?e likely that pupil questions are motivated by a number of rea-
sons. Iﬁprovements in the technology and techniques of recording are
need;d before pupils' questions can be clearly recorded, reliably scored
and studied in detail.

I we may be able to construct some indices of the clarity with which the

Pupils' information-giving behavior

in lectufe and laboratory classes were classified under category 15F,
pupil gives facts. Moreover, if the average frequencies of the various
kinds of teacher questions are compared to the various kinds of pupil

As shown in Table 15, approximately half of all pupil responses
responses, one finds a close parallel. Bearing in mind the limitations




TAELE 14  REIATIVE FREQUENCIES OF PUPILS' QUESTIONS IN LECTURE AMD
LABORATORY CLASSES OF 10 BIOLOGY TEBACHERS af

o

T, 4 Lectures gér Teacher 4 Libs pet Teacher
No. Category Number b/ Sum Category Number Sum -

14D 14F 14X 14A 14D to 144 14D 24F 14X 14A 14D to 14A

. 0.2 0.4 0.4 0.2 1.1 0.1 0.2 3.8 4.6

-y

0.4 0.4 1.1 2.3 0.8 1.1 0.8 3.2
0.0 0.5 1.2 1.9 0.0 0.2 6.7 7.1
0.2 0.9 0.3 0.: 0.1 0.4 1.9 2.8
0.1 0.1 0.3 0.2 0.5 4.6 . 5.8
0.2 0.9 2.9 0.4 - 1.8 5.6 9.0

0.3 1.6 0.4 0.2 1.3 7.6 9
6.1 0.1 0.0 ' 0.2 0.2 3.3 3.8

2
3
4
5
6
7
8
9.

0.3 1.2 3.3 0.2 0.1 1.8 2.8

ot
o,

0.3 0.4 1.3 0.3 1.2 5.4 8.2

Ave. 0.2 0.6 1.2 0.6 2.6 0.3 0.8 0.6 4.6 6.3
Range 0.04 .1"106 0.&3 .2"‘102 03"'6 0-08 _01"1 08 ol-ll3 08.706 2.8.904

-

a/ Figures = % of total cbservativons, T = aboug 2000 In & lectutes’
or 4 labs per teacher (except T. nos. 6 & 7, N = about 4000 in double
period labs). N's for each teacher given in Tables 6 & 7.

b/ Category 14D - P Asks Teacher to Define Terms
Category 14F - P Asks Teacher to State Pacts
Category 14X - P Asks Teacher to Explain
Category 14A - P Secks Assistance, Asks for Directions




TABLE 15  RELATIVE FPREQUENCIES. OF PUPILS' RESPONSES m l.scmzz ARD
| {
LABORATORY CLASSES OF 10 BﬂOhOGY‘TEACHEEA al

-

_

T, , 4 Lectures per eacher " 4 Labs per Teacher

No. Catepory Number b/ Sum - Category Number Sum .
150 15F 158 15k 15D to 158 15D 15F 15X 158 15D to. 1SR

-

2.9 3.6 3.5 0.2 10.2 0.1 3. 1.5 6.3
1.6 5.4 0,1 9.6 14 9.5
4,5 6.5 5.3 0.3 16.6 . 0,0 2, 1.0 4.7
6.0 10,0 1.5 - 0.9  19.4 . 4 2.4 15.9
2.9 3.2. 13 0.7 8.4 0 0.8 1.6 6.1
2.4 9.3 1.2 14.4 0 1,2 0.7_ 5.6

2.6 5,6 . 0.2 10.8 . . | 5 4.1
4.9 4.0 T oo 9013 11.3 ° 506

"1
2
3
4
S
6
7
8.
9

1.9 1.7 . 0.8 9.6 2.1 1.5 4.5

-

P
o

1.4 . 0.4 8.2 1.1 1.2 . 0.8 4.0

Ave, 3.1 5.1 2,9 0,5 1l.6 0.6 3.3 0.9 1.3 6.1

Range 14 -6 1710 1353 .1-12 82-134  0-L4 1.2-107 4=-2 .5-2.7 4-15.9

a/ Figures = % of total observations, N = about 2000 in 4 lectures
or 4 labs per teacher (except T. nos. 6 & 7, N = about 4000 in double
period labs). N's for each teacher given in Tables 6 & 7.

b/ Category 15D = P Defines Terms
Category 15F - P States Facts
Category 15X - P Explains
Category 15R - P Gives Information Regarding Assignments
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- of the data, theae:fiudings are consistenﬁ'with one of the assumptions
%’stcted in -the theoretical f;tionale of this study, namely, the pupil
gives or tendswto éive tﬁé kinds of ansvers that the teachet seeksQ

1€ seems reasonable to propase that the kind of coguittve climate
ptevatling in a c1assroom1umy be affected and -eyen controlied by the

kinds oi.qnestions asked by teachers.

Teacher-pupil'interaction ia hiéh school biology classes has

been discussed at some length in the foregoing pages. The various

categoriea and dimensions were disdussed separately for analytical
putposes. However, such a procedure results in the fragmentat;on .

of an - intticately inter-related phenomenon. In an attempt to recapture

the "whole pinture“ and by way of a summation, two "interaction profiles"

are showun in Figure 2, The various scores in the two profiles are per-

’ centages of the total of 20,122 observations in 40 lecture periods, and

24,046 observations in 48 laboratory periods respectively (the data were
previously shown in Tables 6 and 7)., The marked differences in the

relative frequencies of the various categories and the differences in

the two profiles can be readily seen.
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Analysie of Interaction.natr;ces

Before proceeding to an analysis of the matriceé, some guida|
linzs will ﬁe provided for readers having a limited famitiaficy.with
suc’r aualysis. A more detailed treatment of maf:;x‘aﬁalysig_can be -
fourd in Amidon and Flandé;s (1963), and Flanﬁers‘(1964 a, 1964 b).

‘*he major feature of an intefaction matrix is that it can be used
for studying and cualyzing behavioral sequences and patterns of inter-
action. The analysis yields a more "dynamic" model of teacher-pupil
interaction as compared to.the "static" model derived from frequency
diétributions. An interaction matrix can be analyzed at varying levels
of detail ranging from large areas of the matrix to individual cells.
The large areas of the inte;action matrix, composed of groups or blocks
of célls, represent either a single dimension of behavior or an inter~
section of any tﬁo dimersions of behavior., The present category .system
has five major dimensions and hence 5x5 areas in the matrix, as shown
in Figure 3., Each cell in a matrix represents a temborai sequence of
a pair of behavioral acts. For "N" categories there are '"NxN" cells
each representing a possible sequence or "temporal behavior-pair".

The reader may recﬁll that the classroom observational record is a series
of category numbers written every five seconds (or less) in the sequence
in which the behavior occurred. The series of numbers are plotted or
entered into a matrix two at a time. The first number of each pair is
entered in the appropriate row of the matrix, 2nd the second number of

the pair consists of the first two numbers in the observational record.
The second pair consists of the second and third numbers and thus over=

laps the preceding pair, and so on.. All entries in the matrix are made

from a series of overlapping pairs of (category) numbers,
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The baeic rule for "reading" an interaction matrix can.be gstated

. thua. To determine the sequence of a_pair of behaviors alwnys "rcad“

the horizontal row designation first and the vertical column designation :

25553 For instance, in the 16x16 matrix, the cell 8~15.should be read

as row 8, column 15 and represents the sequence teacher asks question -«
pupil gives answer, the cell 15-3, i.ec, rov 15, column 3, represents

the sequence pupil gives information -- - teacher corrects pupil’s response;
the cell 6~6, i.e.,, row 6, column 6 represents the .sequence teacher gives

LI

substantive information followed by teacher gives more substantive infore *

mation,

&

In a similar manner, depending on the éurpose of a study, the
several rows and columns within a dimension can be treated as units for
analysis of large blocks or areas of the matrix. These units are desié-
nated by the letters E,C,R,P, and S in Figure 3 and stand for the "Eval-
uative,”" "Cognitive," "Procedural or Routine,' "Pupil=Talk" and “Silence"
dimensions respectively. Thus area EE represents evaluative statements
followed by evaluative statements. Area EC represents evaluative state-
ments followed by substantive statements in the "Cognitive Dimension"

and so on, Thus, by looking at these areas in a matrix. relative dise

tribution of interaction in the major dimensions can be readily ascer-
tained.:

Within each areﬁ% or in the interaction matrix for that matter,
tvo kinds of cells can be distinguished, namely, the steady-state cells
and the transitional cells, The steady-state cells are found along the
diagonal formed by the cells having thé same row and column designations,
such as 1-1, 2-2, 3«3, 6-6, 11-11, 16-16. Entries in thesz 16 steady-

state cells, in a 16x16 matrix, indicate that the same kind or category

of behavior persisted for more than one time unit, i.e., longer than
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!

five seconds. Certain types of teacher calk "--' such ‘as leéturiné, giving
‘directions == typically last' for more than 5 seconds w:l.f;hout ‘;.nterruption,
-and hence one may expect a higher number of entries in certain steady-
state cells, Transitiona} cells have uniike row and column designa(icns,
such ;as 1-2, 1-3, 2-3, 8~16. j Transitional cells indicate a transitica

or change or shift from one kind or cat«gory of behavior o another.

The analysis of matrices will %2 confined to two :ux16 "grand"
matrices (Figures 4 and é) and two 31x31 "grand" matrices (Figures 6 and
10). The "grand" lecture matrices were plotted from ali of the 20,122
observations recorded in the 40 lecture périods of g}_}' 10 teachasrz. The
“grand” laboratory matrices were riotted from all of the 24,046 observa=
tions recorded in the 48 laboratory periods of 10 teachers. Hence, these
grand matrices will be used to develop a descri.ptiv? model cf the “averag:"
teacher analogous to that developed (in t;he precedins section) from the
percentage scores of the "average'" teacher. The 16x16 lecture and labo-

ratory matrices of individual teachers based on four lectures or four

labs are placed in the Appendix. Readers interested in detailed infor-
mation about each teacher and the many individual differences among
various teachers are invited to study these matrices.

A slight digression is needed to explain how the 31x31 matrices
were prepared., The. reader may recall that “the .1604 computer was used
to plot various 16x16 and 44x44 macrices. The 44x44 matrices proved to
be extremely unwieldy (44 rows, 44 columns and 1936 cells). Upon close
examination, the 44x44 matrices were found to contain many rows and
columns having a total of 0.1 percent or fewer entries. Hence, in the
interest of intelligibility, the writer (manually) transformed the two

44xb4 grand matrices to two 3ix31 grand matrices s one for 40 lecture

pericds (Figure 6) and the other for 48 laboratory pericds (Figure 10).
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The 3ix31 matrices were prepared by pooling or combining sub-categories
for which there were very few entries in the matrix, about 0,1 percent

or less. The summed or pooled categories are designated on the 21x31

~

2 4]

atTix as 6+, 7+, &+, 14+, and 15-, Those sub-categories that were

K

not pooled appear on the matrix as originally defined in the category
system., For instance, category six has sub-cai:egories designated 25
6D, 6F, 6X, 6E, 6N, 6L, and (a residual) 6U. 1In the 31x31 matrices
6D, 6F, 6X, and 6E .are tabulated as rows and columns but 6N, 6L and 6U

have been summed or combined and designated as €4. Similarly, 7+ is a

summation of 7, 7C and 75; 8+ is a summation of 8E, 8N, 8P, and 8U; 14+

H

is a summation of 1l4E, 14N, and 14U; and 154 is a summation of 15E, 15N,

.

15L, 15P, and 15U,

4; The percentage figures in the cells in all matrices reported in
j this study have been rounded to 0.1 percent. An "empty" cel’ in the

1 matrix indicates either a complete absence of the particular sequence

”, of behavior or an occurrence of 0,05 percent or less. This slight loss
‘ of information and accuracy iscounter balanced by the gain in readability
of the matrices.

Analysis of Lecture Matrices

% The most striking entry in the 16x16 *lecture matrix" (Figure &)
:-.* is that 33 percent of all entries are in the 6-6 tell, indicating sus=

“ tained substantive information-giving or "lecturing." At various times
’35 the "average" teacher shifted from lecturing to asking questioms, as

2} indicated by the figure of 3.7 percent in the 6-8 ce’l, To a lesser

Z extent, the teacher shifted to giv:lng directions, orientation, ‘expli-

ﬁ cating transitions, etc,, as indicated by the figure of 1.9 percent in
4‘% the 6~11 cell., .In decreasing order of occurrence' the teacher moved from
lecturing to procedural quesvicns, 6~10 cell, praise, and acceptance of
Q

C .
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feelings of pupils, 6-1 cells, and even less frequently to acceptance
of student ideas, reprimands, demonstrations, attention to routiies,
and silent pauses, as can be seen by the figure of 0.1 percent in each
of cells 6=2, 6-4, 6=5, 6=12, and 6-16 respectively. Occasionally,
1.1 percent‘in the 6-14 cell, pupils "interrupted” or interacted by
asking questions and less often, G.6 percent, by statements that were
probably "spontaneous." By looking at the intersection of each row
with the cells in column 6, we can determine the types of behavioxs

that preceded the teacher's lecturing or information-giving behavior.

The most frequent behaviors preceding lecturing (besides previous

lecturing) were those in categeory two (row two), accepting pupiis®
response, 2,2 percent in the 2-$% cell. Less frequently, lecturing was
preceded by the following behaviors: (1) procedural directions, 1.7 per=
cent in the 116 cell, (2) pupil's information-seeking, 1.3 percenmt in
the 14-6 cell, (3) pupil's information-giving, 1.2 percent in the 15-6
cell. On occasion the teacher literally answered his own questions,
(teacher questions preceded lecturing) 0.5 percent in the 8-6 cell and -
0.2 percent in the 10-6 cell. The figures mentioned above convey some
idea of the frequency of occurrence of the more common ®ecategories'! of
behavior preceding or following the predominant behavior, f.e., lecturing.
However, it is difficult to see any pattern or regularity of events in
the foregoing paragraph. Hence, the next step in the analysis of the
matrix consists of formulating the most common pattern(s) discernible
in the classroom behavior of the "average" biology teacher in lecture
classes.

In Figure 5 the most common pattern of behavioral acts is showm.
The figure in each cell is the percentage of total observations and has

been transcribed from Figure 4 ~- the 16x16 Interéction.Matrix of 40
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lectures. The pattern shown in Figure 5 can be translated to provide

a word "picture" or description. If an observer walked into the "average"
biology lecture class, he would probably find the following pattern: The
teacher would be giving substantive information or lecturing, 6<6 cell,
After a fewv seconds, or more likely after a few minutes, the teacher
would ask a short question lasting less than five seconds, 6-8 cell,
Sometimes the question would last longetr than five seconds, 3-8 cell..
Most of the time a pupil would respond ::0 the question by using a word
or a phrase or a short sentence, 8-15 c¢ell, Occasionally, the pupil
would respond for longer than five seconds, 15-15 cell. Next, the
teacher would give an evaluation of the pupil response, most pften an
acceptance or indication that the response was correct, 15-2 cell.
Following the evaluation, the- teacher would give more substantive ine
formation, 2-6 cell, and continue lecturing, 6-6 cell, for the next
few minutes. The reader may note that.oniy 7 ocut of a total of 256
cells in the matrix are used to describe the most common sequence of
events and the entries in these 7 -:ells account for about 55 percent
of the total interactionr., These events occurred repeatediy to form

the dominant pattern. This basic pattern of information-giving

and information-seelking may be summarized as follows: Teacher lectures
for a2 relatively long period of time ——sTeacher asks question ——
Pupil responds —- -Teacher accepts response —->Teacher lectures.

The next level of analysis entails a study of the 31x31 lecture
matrix for a closer look at the above pattern and at the quasi-logical
operations subsumed under the rubrics of informstion-giving and infor-
mation-seeking, The reader may recall the 31x31 matrix contains the

most commonly occurring sube-categories of 6, 8, 14, and 15,

{ L e . . “ . (o N ) N ' e
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The teacher's information-giving behavior or lecture was charac~
‘ w

{

terized by relatively stable monologues varying in duration from a few

seconds to a few minutes, The three most common types of monologues
were fact stating and describing, explaining, and defining, while eval-
uation of subject matter occurred infrequently. Within the area or
block of 16 cells bounded by 6D, 6F, 6X and 6E in Figure 6, the three v
steady~state cells, 9@mery, 6P-6D {3.2 percent), 6F=6F (12.5 percent) ‘
and 6X-6X (11.4 percent) constituted 27.1 percent out of the total of
33 percent in all 6-6 cells. The transitional cells, such as 6D-6F,
6F-6X had relatively lower frequencies of about one half to one percent. %;
It can be inferred that information-giving consisted primarily of K
relatively discrete and unmixed "packets" of definitions, or facts, or
explanations, or evaluations, with relatively little, albeit some,
mixing or shifting from one information-giving quasi-logicai operation
to another, Occasionally, the teacher shifted from lecturing to asking
questions, and this step in the sequence can be seen in the groups of
the various 6-83 end 8+8 cells in Figure 6. Even within this shift or
transition a 9ertain reguiarity was discernible in the teacher's be-
havior, Definition giving, 6D, was followed about three times more

! often by definition seeking, 8D, than by either fact seeking, 8F, or
explanation seeking, %X. Giving facts, 6F, was followed about twice

as often by factc seeking, 8F, as compared tc sither definition seeking,
8D, or explanation seeking, 8X, Similarly, giving explanations, 6X,
was followved abou:z twice as often by explanation seeking, 80X, as by
definition or fact seeking, 8D or 8F. In brief, a specific kind of )
quasi-logical operation used in information-giving was followed more

frequently by the teacher's solicitation of the seme kind of quasi-

logical operation. Whether such a solicitation was of short or long
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duration can be inferred by comparing the freauencies in the various
steady-state 8-8 ceils with the frequencies in the various transitional
6-8 cells, The frequency, 0.7 percent, in the 8D-8D steady-state cell,
i.€. , sustained asiking for definition, was more than twice as high as
the frequency, 0.3 percent, in the transitional 6D-8D cell. Similarly,
the frequency, 1.0 percent, in the 8X-8X steady-state cell, i.e., sus-
taiped asking for explanation, was twice as high as that in a transi-
zional 6X~8X cell. By contrast, the frequency, 0.7 percent, in the
8F-8F steady-state cell, i.e., sustained fact seelking, was lower than
the frequency, one percent, in the transitional 6F-8F cell. The above
figures indicate that the "average” teacher's questions were usually
longer than five seconds when asking pupils to define or explain and
were of shorter duration, five seconds or less, when asking the pupil
to give facts or descriptions.

Thus, as mentioned in the theoreticaliframework, one can Ssee
how the teacher directs and structures the discourse within well pre-
scribed channels, How (well?) the pupil responds and stays within the
commmication channel -- or to use the felicitous phrase by Bellack
and Davitz (1963), '"plays the classroom game"” -- can be seen by
simultancously studying the various 8-15 and 15-15 cells.

The relative frequencies of the three most common quasi-logical
operations used by the "average" teacher are indicated in Figure 6 as
column totals for categories 8D (3.1 percent), 8F (4.1 percent) and
8X (3.0 percent). - Similarly the corresponding frequencies of pupil
responges are indicated as column totals for categories 15D (2.8 per-
cent), 15F (4.8 percent) and 15X (2.6 percent). Clearly factual
questions were most frequently asked and factual responses were most

frequently given.. Moreover, most of the factual responses were of short
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duration, 2,7 percent in 8F-15F cell and relatively few factual responses
vere longer than five seconds, 1.0 pércent in the 15F-15F cell, The
relative frequencies of the "average" pupil's expianations and definitisns
show a2 similar correspondence to thc frequencies of the teacher's quess
tions or solicitations for sxplanation and definition;. But to carry the
analysis a step further, if we compare the length or duration of the
various kinds of pupil responses, we can make a rather roﬁgh approximation
that the "average" pupil's definitions, factual answers, and explanations
were more frequently short responses lasting five seconds or less rather
than longer responses. The frequencies of "short" to "long" responses
were roughly four times as high for definitions, three times as high

for factual responses, and twice as high for explanations as indicated

by comparing the scores in the various 8«15 cells with those in the
various 15-15 cells. One may reasonably expect Just the reverse, namely,
the giving of definitions and explanations by pupils would entail re-
sponses of relatively longer duration more often than not. A clue to

the solution lies in the duration of the teacher's questions. The

reader may recall that teacher questions tend to be of longer duration
when seeéing definitions and explanations and short when seeking facts.
In other words, the teacher's questions were so highly structured that
the student needed to give oni ' a word or two or at most a sho:t sentence,
To use an analogy to written objective questions such as true-false,
multiple~choice, and £ill in the blank,the pupil had to verbally "£ill

in the blank." Several examples of the various kinds of teacher ques=
tioné are provided in the section on definitions of the categories,

For instance, questions related to definitions typically called for one
word responses, as illustrated by the question: The blood vessels that

carry blood away from the heart are called what, John?
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The next step in the pattern, the evaluation of the pupii’s
substantive responses, can be. seen in various 15-2 and 15-% cells in
Figure 6. By far, the preponderant evaluative reaction was the accept-
ance of the pupil’s substantive response. Moreover, the frequencies
of acceptance vere roughly propori:ional to the frequencies of response.
The relatively lov figures in the variousl5-3 cells, i.e. y Ccorrection
of pupil's substanti.ve response, offer additiormal support in concluding
that the pupil's response had been satis-factory to the teacher or that
the pupil had "given" vhat the teacher "asked" for. Once again, to
continue the analogy: "The pupil has followed the rules of the class-
room game ' (Bellack and Davitz 1963),

The above quantitative description may be summarized qualitatively.
The major part of the biology classroom discourse revolves about the
communication of facts, concepts and genmeralizations of biology. Three
basic quasi-logical operations were most frequently used: defining, fact
stating and explaining. Thesc operations were predominantly carried out
by the teacher in the form of extended information-giving. Occasionally
the teacher used a "question and answer approach" to convey definitions,
facts and explanations, Certain res 'ies could be discerned when
the "average" teacher asked for def , facts and explanations and
the pupil gave the corresponding responses, The teacher was likely to
ask relatively long, structured questions when he solicited definitions
and explanations so that the pupil mez;ely supplied the "mirsing word(s)"
in a sort of verbal game of filling in the blanks. The pupil's response
vas then usually acceptazd, and the teacher resumed lecturin; fthis is
admittedly an over simplification of an extremely complex process of
teacher-pupil interaction, but serves the purpose of -lelineating the

Phenomenon, There are probably a very large number of vaciations that
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contribute to 'each teacher’s unique style. In the following paragraphs,
we return to the 16x16 matrix and continue a brief discussion of some
of the variations of the basic pattern and some of the other aspects of
cliassroom behavior,

The above pattern or descriptive model can be represerited syme
bolically as 6— 3 —15 —2 with the numbers representing category
designations only and not the frequency of occurrence. Variations in
the above pattern were found vhenever the teacher or pupil used a
different behavior at amy place in the above sequence, What are the
possibilities open to the teacher vwhen some other category of behavior
is substituted for category two, (teacher accepts response) in the
sequence ~- symbolically represented as 6-—-98--,\15-?-)2. As can be seen
in rowv 15 of Figure 7, a number of possible courses of action were
followed, out of which four sequences shown in Figure 7 occurred most
frequently. Sequence A -- the teacher followed the pupil's response
by more "lecturing”"; this sequence could be described symbclically as
6—8—15-6. Sequence B -- the teachex followed the pupil's response
by asking ancther question, 6 ~8—~15- 8. Sequence C -- the teacher
corrected, quali:t:iefi or modified the pupil's response, 6—»8 —15— 3,
Sequence D -~ the teacher decidec to provide some orientation or to
give some directions after the pupil's response, 6 —28 —315--311.,

Further variations can be found by positing various combinations.
In the ab;)ve cases the variations were intrc;:duced by the teachex's be-
havior following the pupil response, but a consideration of the ‘basic
pattern 68 —315 32 indicates that other possibilities exist for
changing the sequence immediately after the teacher asks a question, i,e,,

6—-)8{-—)15. The possibilities are seen in the 8~14 and 8-16 celils, i.e.,

the pupil(s) may ask a question or remain silent. Symbolically, these
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patterns can be shown as 6—3 8 —314 and 6 -3 8 =316,

The identifying feature of all the above variations is that
the teacher initiates one of the cycles by asking a question. Hence,
if the pattern is ''broken" thus 16-’;-; 8, the basic pattern no longer
prevails., As can be seen from row six in the 16x16 matrix (Figure 4),
the teacher's information-giving was followed most frequently by cate-
gory 11, teacher gives orientation, directions, explicates transitions,
1.9 percent in 6~11 cell, and by category 14, pupil questions, 1,1 per-
cent in 6-14 cell, andéless frequently by other categories, such as
category one, teacher praises, accepts feelings, etu, These sequences,
(6311, 6314, 6 -3 1) vere followed by more lecturing (6—511—36,
6—214~36, 6 ~31—~26) or by more questions from the teacher (6 —311—%8,
651438, 6 1-238),

The sequences 6 =11 and 6—3 1 are of particular interest. It
seems reasonable to speculate that while category 11 is in the pro-
cedural dimension and category one is in the affective dimension, these
two sequences may be extremely important indicators of a teacher's
sensitivity to pupil reactions. By providing orientation, by explicating
subtie or difficult transitions from one aspect of a topic to another
vhen the teacher sences confusion, by offering praise and encouragement
vhen the teacher senses frustration, by constructively accepting feelings
of annoyance, or stimulating excitement and interest, the teacher can
probslly exert considerable influence on the cognitive and affective
climate of the classroom.

Two other cells in the 16x16 lecture matrix (Figure 4) have
relatively high frequencies, namely, the 11-il cell (6.8 percent) and
12-12 cell (3.3 percent).

These cells indicate that the teacher was

engaged in the routine business of the classroom, such as gﬁing




assigmments, giving direcfions, taking attendance, collecting papers,
distributing papers, etc. Theée routine duties were characteristically
performed at the beginning or the end of the class period and less fre=-
quently in the "ﬁiddle" of the class period.

In the above paragraphs, the major patterns and variations of
teacher~-pupil interaction in ﬁigh school biology lecture classes have
been delineated by analyzing the grand matrices. At the risk of belaboring
the peoint, the writer wishes to emphasize that the patterns discussed a-
bove are not meant to be prescriptive but merely descriptive. The task
that lies ahead is one of determiring the relationships between various
teacher behavior patterns and pupil behavior patterns. This is a re-
search area probably most conveniently carried out with the help of
student teachers., Student teachers, with the -help of theilr college
supervisors or their sponsor teachers, could hypothesize the effects
of certain pattern(s) of teacher behavior on pupil behavior and/or
pupil achievement, The student teacher could try to behave according
to various hypothesized pattern(s) and then measure the effects on
pupil behavior and/or achievement by using interaction analysis or
some other instrumznt. In this way student teachers may "discover"
certain principles of teaching. TIhese "discovered" principles would
probably be much more meaningful than if the student teachers read
about them. Hopefully, such experiences during the student teaching
or internship period would develop more “teacher-researchers" who
not oaly teach science but also scientifically study their own teaching.

' Analysis of Laboratory Matrices

Before proceeding to the analysis of the iaboratory matrices,
the reader is reminded tha* pupils' non-verbai behavior, which constie-

tutes the major portion of the pupils' laboratory work, is not categorized




in the present system., Further, while the teacher was interacting
with one pupil or a group of pupils at a laboratory station, the other
pupils were usually engaged in laboratory activities.

ol

The 16x1i6 1 the 16zl

i

- rom 16x16
lecture matrix (Figure 4) in two major respects. First, a far greater
number of the transitional cells are "filled" in the laboratory matrix.
Secondly, no single cell in the laboratory matrix has a disproportionate-
ly large value comparable to the 33 percent in the 6-5 cell of the
lecture matrix. Indeed, at first glance, it is difficult to see any
noticeable sequence of behaviors that could ke interpreted as forming
a pattern. However, upon closer examination, a certain regularity
appears in the steaay-state cells, occupying the diagonal f£rom cell 1-1
to ceii 16-16. This feature is highlighted in Figure 9. The entries
in 7 out of the 16 steady-state cells;.nmnely 5-5, 66, 7-7, 9-9, 11-11,
12-12, and 13-13 comprised more than 50 percent of the total entries.

J These steady-state cells indicate relatively persistént and stable be-
haviors which constitute the "base of operations" from which the more
(temporally) transitional behaviors are initiated by the teacher or
more commonly by the pupil(s). The comparable "base of operations" in
the lecture classes was the 6-6 cell, prolonged lecturing, followed
most often by teacher initiated questions.

Presuming on the reader's greater familiarity with matrix analysis,

the writer will describe the interaction patterns briefly. From Figures 8
and 9 it can be seen that the "average'" teacher's behavior in the labora-

= tory was characterized by several varied, short, quick interactions,

!x“ shifeing from one category of behavior to another. The "average" biology
teacher usually started the class by one or more of the following behaviors:

a short lecture, 6-6 cell; laboratory directions, 7-7 cell; demonstration
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of laboratory techniques, 5-5 cell; and procedural or routine directions,
11-11 cell. This information-giving phase usually lasited a few minutes
and vas usvally terminated by a directive from the teacher to the pupils,
such az "O.K., you can start now, ** Almost immediately (note the glmost
complete absence of entries in category 16, silence) pupils initiated

@ series of similar cycles of behavior by asking for substantive infor-
wation, for more laboratory directions, for procedural directions, for
materials and assistance. The teacher responded by repeating or by
giving furthes substantive information, laboratory directions, procedural
directions, and by supplying materials. These cycles {shown in Pigure 9)
can be described in symbolic notation as follows: 6 ~314—~36, 721427,
11 =5 14 =)11.,

After the initial flurry of activity, the average teacher started
supervising the laboratory work. Most often this was done by walking
around the laboratory and less frequently by sitting or standing at
some location and watching the pupils. At times the teacher stopped
at a leboratory desk to watch or exsmine a pupil's work or to ask
questions. Occasionally, the teacher saw something a pupil had done
or vas asked a quesi,)on by a pupil and the teacher "called the clase
to attention” and gave further subziantive information, diractionsa.
demonstrations, etc. However, from the great number of entries in
the transitional cells and the reléttve frequencies in the cells in
row 14, i.e., teacher behavior following pupil questions, it can be
inferred that s considerable amount of teacher behavior wvas responsive
to pupil requests rather than initjatory as in lecture classes. Again
to use Bellack's analogy, "the rules of the game were reversed." UWhat
specific kinds of questions did pupils ask in laboratories? what kinds

of tescher behaviors preceded (triggered?) specific kinds cf pupil

>
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questions? The answers to these questions can be found by examining

the 31x31 laboratory matrix (Figure 19).

In Figure 10 the total scores in columns 14+, 14D, 14F, 14X and

14A indicate the relative frequencies of the varioue kinds of wnys?

ond 2
=225 Ups Ll

questions. The "average" pupil asked for assistance,'materials,_di-

rections etce (4.4 percent in column 14A) four times as often as all
other types of questions combined. The four kinds of teacher behaviors
that most frequently sreceded the purils® requests for assistance were:
1. Labozstory directions, 0.8 percent in the 7+-14A cel%.

2, Procedural directions, 0.8 percent in the 11-14A cell,

F 3. Teacher attending to routines; 0.6 percent in the 12-14A cell,

&4, Teacher engaged in supervision, 0,7 percent in the 13-144 cell,

The reader may recall that these four teacher behaviors preceding pupil
questions were depicted earlicy in Figure $ as constituting some of the
mest common patterns in labs. The additioﬁal or more specific ir forma-
tion available from an analysis of the 31x31 matrix can be stated thus:
pupils followed the above teacher behaviors almost entirely with solicie
N tations for assistance with materials, directions, etc. In other words,

most of the pupils' questions in labs seem to be concerned with "how,"

"where" and "what" rather than "why™,

, What is the significance of the preponderance of such “procedural®

.

questions as compared to "§ubstantive" questions in laboratory classes?
Are the laboratory directions insufficient? Is the "average" pupil
incapable of fellowing laboratory directions without the teacher's
assistance? wﬁy do pupils ask the "why" type of question so 1nfrequént1y?
What specific kinds of questions would predominate in laboratory classas
devoted to experimentation as compared to verification and demonstration

of subject matter mentioned in textbooks? What kinds of questions do
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Pupils ask each other as they work in groups of two to four in the
laboratory ciass? What pupils say and do in the laboratory classes is
an important and unexplored\area for future research,

The writer will now shift focus and briefly consider the question:
How does the "average” teacher us: the quasi-logical oper;tions of infor-
mation giving and seeking in laboratory classes? An examination of the
areas of the matrix (Figure 10? made up of the groups of cells representing
the various sub-categories of categories six and eight reveals the distri-
bution of the various quasi-logical operations used by the teacher. Sus-
tained explanations, 3.8 percent in the 6X-6X cell, and sustained fact
stating, 3.0 percené in the 6F-6F cell, constituted the two major quasi-
logical operations used in substantive information-giving. By contrast,

sustained definition~-giving, 0.9 percent in the 6D~-6D cell, and sustained

evaluation, 0.1 percent in the 6E~6E cell, were used relatively infrequently.

Furthermore, the tctal amounts of fact stating and explaining were equal,
5.3 percent in columns 6F and 6X. The teacher's questions or solicitations

for definitions and explanations were quite infrequent, a total of about

0.5 percent and 0,7 percent in columns 8D and 8% respectively. The dominant

type of teacher question was one calling for factual information from the
pupils, about two percent in column 8F. It should also be noted that this
two percent is fairly well distributed among 11 cells in column 8F of the
matrix. From the above figures, it can be inferred that the teacher asked
predominantly "factual" questions following a variety of behaviors. These
questions predominantly consisted of asking pupils to indicate what results
they had obtained and called Ffor relatively little explanation and intere
pretation of the data.
The above description of various teacher and pupil behaviors in

biology classes is admittedly a simplification of a complex, vapidly
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shifting behavioral setting. The emphasis has been in highlighting
those patterns that are more characteristic of laboratory classes than
lecture classes. However, a number of the sequences and patterns found
in lecture classes are present in laboratory classes. but are not as
prominent.
From the description of teadhef-pupil interaction presented
above, and from the data in Table 7, one may infer that the verbal
discourse contains very few, less than 0.1 percent, explicit references
to the processes of science. It is probable that various processes of
science are mentioned in textbooks and laboratory manuals used in high
school biology, especially in the newer or "modern" programs. A system
of content analysis would need to be developed to ascertain the kinds
of statements and their relative frequencies. A content analysis
system would be a valuable additiou to the interactica analysis system
in pseviding a fuller description of what pupils read, as well as say
and do in the study of biology, or the other sciences for that matter.
However, the question still intrigues the writer as to why there
are so many explicit references to the products of science and so few
to the processes of science. Perhaps part of the answer is that teachers
teach in the ways that. they have been taught. A similar conclusion has
been reached by many “critics" of science laboratory classes, or "lecture
classes" for that matter. One may find such criticism in a2 number of
journal articles which describe the iaboratory as a place where students
merely verify vhat is stated in the texébook. Rather than engage in
polemic3, the writer advocates an intensive program of .esearch on teacher

and pupil behavior in science laboratories. The electronic equipment

and techniques developed and used in this study and the applicacfon of

interaction analysis offer a promising, albeit far from perfect, approach
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to vhat teachers and to a lesser extent pupils actually say and do in
laboratory classes,

While there is much talk about the laboratory as the sine qua non
of teaching science as inquiry, the writer is of the convietion that une
til the specific behavioral acts that constitute "teaching for inquiry"
can be unambiguously described, teachers will find little practical
guidance in the expression qf admirsble sentiments. Probably a pre-
requisite to a "no hoids barred” study of "teaching for inquiry" is the

admission that very little indeed is known about the subject that can

be taught to and practiced by science teachers,
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CHAPIER V

SUMMARY AND RECOMMENDATIONS

Summary

Revievers of the literature related to studies of teacher effec-
tiveness have been in agreement about the inconclusiveness of research
attempting to relate teacher characteristics to teacher effectiveness,
Within the last decade, the emphasis has been on a new, or at least
different, research strategy. The key feature, or "tactic" in this f;:
strategy consists of first hand, systematic, objective observation and
quantitative analysis of teacher-pupil interaction in classrooms. Ideally, -;
this descriptive phase should be guided by available theory and the em-
pirical findings in turn should enrich the theoretical concepts sO that
significant well-articulated correlacional and predictive studies can
be undertaken.

Researchers, usihg differept theoretical perspectives, have pro=-
vided a handful of category systems for systematic observation and
» analysis of classroom behavior. Some of these category systems are

fairly useable over a wide range of grade levels and subject-matter
disciplines. Conspicuously absent is a category system specifically
developed for systematic observation of science classes, especially
laboratory classes, the sine qua non of teaching science as process(es)
; of inquiry. | 4
Concisely stated, the Primary purpose of this study was to develop
a category system for first hand systematic observation, description and
quantitative analysis of teacher-pupil interaction in high school biology

~153-




lecture~-discussion-recitation classes and laberatory classes. Owing
to the magnitude of the undertalcing and on the basis of theoretical

considerations, the major emphasis was placed on the classification

— — - —— - — = == et

of the cognitive or Wintellectual" behaviors of teachers. A second
major objective was to use the "new" category system for classroom
obgervation, and from the data so obtained, to construct tentative
descriptive models of biology teaching. It was anticipated that the
results of this exploratory study would lead to further clarification

of theoretical notions and to the formulation of more specific questions

and hypotheses for future regearch.
In fulfillment of the two major objectives, the research was
divided into two phases or stages. In the first or category development

phase of the study, eight high school biology teachers in eight secondary

H
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schools in central New York State were selected. The criteria for se-
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lection included some of the major factors most likely to influence class-

room interaction, such as: type of biology course taught, namely, New York

-

State Regents Biology or the "new" or BSCS Biology, sizc and location of

school, years of teaching experience. In the category development phase,

s
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R each teacher was observed once per month for four successive months

~

commencing October, 1964, Greater differences in classroom behavior
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were most likely to be sampled by visits at monthly intervals rather

-k

.-' than on corsecutive days or weeks. During each visit, the classroom
% discourse for the entire duration of one lecture-discussion-recitation

? . and one laboratory class was recorded on magnetic tape. In addition,

e

the observer took notes on pedagogically relevant non-verbal behavior

)

o "Z‘,ﬂ
e

to supplement tapescripts prepared from the tspes, Following the class-
room visits, the notes were carefully studied, amd the tapes were re-

playad. The empirical data thus obtained prowvided the grist for the
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theoretical mill, and the category system reported in this study was
produced by a complex interplay of theory and observation.

The major concepts constituting ihe theoretical frame of reference

wvere derived from a consideration of teaching as a special cage of sacial

interaction carried on via verbal and non=verbal communication between

the teacher and pupil(s). Furthermore, by virtue of his position as

; a‘leader, the teacher was viewed as exercising, or capable of exer-
cising, considerable control over the form and content of classroom

- communication. The major purpose or business of the classroom was

posited as the attaimment of educational objectives in the affective,

cognitive, and psychomotor domains, but, predomirantly in the cognitive

'doméin. The cognitive domain or dimension was divided into two sub-

dimensions, namely, Substantive Information«Giving and Substantive

,. ] Information-Seeking. The substantive information in high school

biclogy was said to be composed of both the product=--the facts, concepts,

. I ;‘ R
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principles, etc.~-and the processes of science. Drawing upon the re-
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search by Smith et. al. (1962 b.) and Bellack and Davitz (1963), sub-
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stantive information in bioloéy classes was presumed to be communicated
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.

. or exchanged verbally by logical, or more accurately, quasi-logicsl

processes of defining, fact stating and describing, explaining, and

xS weh w ., o

evaluating subject matter. The major focus was directed at the teacher's
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e behavior, which was considered to be largely initiatory, while the pupil's

-

~ behavior was viewad largely as reflexive. Only pupil behavior that was

categorizable within the Pupil-Talk Dimension was included. The con=

1

ception of the teacher as a leader who gave evaluative and directive

Yinformation" as ancillary to and facilitative of cognitive outcomes

+
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led to the formulation of Evaluative and Procedural Nimensions of teacher
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)
-

"

behavior. The theoretical possibility supported by empirical verification

1 Text Provid
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of short breaks or pauses in the communication process led to the for-
mulation of Silence as a "dimension" of classroom life.

The category system developed in this study contained the above-

mantionad f£ive "dimensions,' which in turn wevg divided into 16 major
categories, 28 sub-categories anl a '"residual" category for behavior
not categorizable in the system. The Evaluative Dimension is composed
of four major categories: T (Teacher) Praises P (Pupil), T Accepts P's
Substantive Response, T Corrects P's Substantive Response, and T Repri~
mands P for Misbehavior. The Cognitive Dimension subsumes five major
categories: T Gives Demonstration, T Gives Substantive Information,

T Gives Laboratory Directions, T Asks for Substantive Information and

T Looks at P's Laboratory work or seat work. The Substantive Informa-

tion-Giving and Information-Seeking Categories are sub-divided according

e

to the quasi-logical operations of defining, fact stating, explaining,

oo

< and evaluating the product or subject matter of biology. Another sube
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category is provided for classification of explicit references to the
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Process or Nature of Science. The reader may consuit the text (Chapcer III)
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for the descriptiom and definition of each category. The Procedural Di-
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mension has four major categories: T Asks Procedural Routine Quastions.;
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T Gives Procedural Directives, G.ves Orisntation, Explicates Transitions;

T Attends to Routines; T Supervises P's work. The Pupil-Talk Dimension

,
:lane .

s -

has two major categories: P Asks for Information and Assistance and

!

P Gives Responses These two categories are subedivided according to

'

"logical' and "procedural” criteria. The "Silence Dimension” concists
of only one category, namely, Silence. The residual category is simply
called "Not Categorizable in Above System."

i_;' The category system, briefly described above, wag then used for

.

the systematic observation of fourxtaen biology teachers in order to
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obtain descriptive data to fulfill the second major objective. The
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teachers were selected according to the criteria mentioned before.

However, owing to unforseen schadule changes and circumstances, data

was obtained for four 1lectures and four iaboratory periods for each

of ten teachers. In this, the sccond phase of the study, each teacher
was visited once each week for at least four successive weeks. During
each visit the classroom discourse for the entire duration of ome lecture~

discusiion~recitation class and one laboratory class was recorded on
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magnetic tape and the teacher-pupil interaction was coded "on the spot"
once every five saconds or so. A small wireless transmitter was "worn"

by teachers during laboratory classes to enable the observer to hear

3
sl

-

and record whispered and low-decibel-level conversation between teacher

o

Y
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v and pupil at individual laboratory tabies. The '“wireless broadeast"

I was received via a compact FM radio, played into a tape recorder and

., simultaneously monitored withthe aid of earphones worn by the observer.

The observational record consisted of a series of éategory numbers

i

o or observations written in horizontal rows so as to preserve the original

sequence of behavior, These numbers or observations were processed via

/
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a8 1604 Control Data Corporation computer to yield the relative frequency

of occurrence of each category. The data were plotted into 16x16 and
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44x44 matrices. The frequency distributions and matrices were analyzed

to provide a quantitative description of classroom behavior in lecture

LR J
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and laboratory classes of the “average" biology teacher.,

. T,
. a

The predominant feature of biology classroom life was found to

be the amount of teacher talk., About 75 percent and 50 percent of tha

. Y
casslseeh

total observations in lecture and laboratory classes were attributed
to teacher-talk. The nom-verbal behavicr of teachers accounted for about

10 percent of the total time in lectures but nearly 40 percent in laboratory
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classeps Pupil talk accounted for gbout 15 parrcent in both lectures
and labs.

A comparison of the frequencies of occurrence of teacher behaviors
in each of the three dimensions showed that the “average® teacher devoted
a considerable amount of time to the Cognitive Dimension, 55 percent in
lecture classes and 42 percent in labs, The Procedural Dimension was
found to accounit for an average of 18 percent of total time in lectures
and 40 percent in labs. By contrast, an average of only 10 percent of
total time in lectures and & percent of the time in labs was devoted to
the EZvaluetive Dimensicn,

Within the Cognitive Dimension it was found that the teacher's
substantive informaticn-giving hehavior was the predominant mods of
cmimtion. The most common pattera in lecture classes was found
to be: teacher lecturing for a period of time interspersed with a se-
quence of questions asked by the teacher, pupil responses, and teacher's
acceptance of pupil’s responses, Many variations of this basic psttern
wers also found. In laboratory classes two more or less distiact phases
were found, In the first phase, at the beginning of the period the
teacher gave substentive information, laboratory directions and less
frequently demonstrations of techniques. In the second phase, the
behavior pattern changed markedly from teacher initiation to pupil
initiation, Aé the teacher walked around the laboratory or attended
to routine tasks, he was constantly bombarded by pupil solicitations
for iaboratory supplies, further directions and information, and assis~
tance with the performances of laberatory activities.

The substantive information-giving znd information-seeking be-

havior, which formed the core of classrcom communication, was subjected

to a deeper level of analysis, Pour quasi-logical operations of tesching
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were used in the followiug order, starting with the highest frequency

of occurrence, namely, fact stating, explaining, defining, znd evaluating

subject matter., Approximately half of the time thesa operations veze

ot B e atn an

used Iin atively crete Ypackats" o cts, axplenations, &tc,, and
during the other half of the time there was 2 complex shifting aud

meshing of the various quasi-logical processes in vapidly alternating

SV

sequences of informetion-giving and information-sesking.

Teachar demonstrations and explicit statements and questions

R : S
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about the mature and processes of science occurred so infrequently as

&

- to be conspicuous Ly their absence. The wide gulf between recommended

practices and classroom practices implied by these findings raise zany

U Ao
k]

- questions that require serious consideration and research. Several
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g questions requiring research "answers" have been: raised throughout the

discussion of results and will not be repeated here.

Recommendations for Future Reseerch
The major recommendations for future reseavch growing out of the

present study are stated belowe (The order of presemtation ghould not

[
[

be construed as indicative of relative importance.)

)
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l. The wange of applicability of the prasemi catogory system

should be extended to the other science subjects: Gener=l Science,

- i d
e
.!-“ Wi ik
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4
o

Earth Science; Physics, and Chemistry, taught at various grade levels.

21
W

On the besis of preliminary investigation such an extension seems quite
feasible. C(Certain refinements and mcdific‘ations could be ircorpourated
as needed.

2. An area of research, relatéd to the shove, is the development
of supplementary systems of analysis that cov ; .e used with the present
system to provide a fuller description aad :aderstanding of science~

teaching and learning. Especially germane would be a system for
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catagorizing more fully the behavior of pupils im laboratory classes

end a content analyeis gystem for analysing textbooks and labozatory

menuais.
3. GConeiderabie resezrch activity should be directed toward

the development of other caetegory systems based on diffarvent theorvstical

or conceptual fromeworice. Tho complexity of the phepncumens under study.

and the paucity of theory ard empirical data preclude consideration of

the present systsm or any other system as definitive. Such a period

of classifying and cross ciassifying from one category system tc

another is essential in the developmant of 2 comprehzasive taxoncay

of classroom behavicor.

ATy

% The tregxd towards use of interaction snalysis as a research
instrument as well as a pedagogical device is becoming increasingly
popular among educators. hile the writer is enthusiastic about the
potential, studies of the potentialities of an instrument should be

: counter-balanced by systematic studies of the limitatione of an
instrument, = While such painstaking methodological studies may have

little appeal, their importance snould not be underestimated., Un-

$
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wittingly, gross distortions may be introduced into our "picture’ or
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description of classroom behavior, and without & fuller understanding
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of the instrument, we will be unaware of the possible sources of dis~
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tortion, to say nothing ¢f correcting the aberrations, Parenthetically,

it may be roted that such methodological studies nced not be devoid

*

of a theoretical vasis,

M 5. An important area of research is the determination of
functional relationships smong four major classes of variables, narely;
the antecedents of teacher's classroom behavior, teacher's classroom

behavioxr, pupils' classrocm behavior and pupil learnings. While a
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rumber of measures of these variables have been used, these measures

cannot provide specific answers to the kinds of specific questions that

© can be asked on the basis of the information evailable frem interaction

... e B e

analysis. Thaus, development of specific tests of pupil learnings wiil
neea to proceed apace with the kinds of correlaticmal research suggested
above.

6. The use of interaction analysis as a means of providing
student teachers with objective feedback is finding increasing appli-
cation. A prediction that it will become the method of supervising
or guiding student teachers would be premature. Perhaps the writer is
overly pessimistic; but, there seems tec be a danger of gradually shifting
from descriptive statements, direct-indirect, student centered-learner
centered, to prescriptive formz:lations, In order to avoid repeating
past fallures of comparative research, vherein Method A was compared
with Method B, guarded optimism is in order. With this cautionary note,
the writer feels free to recommend an exciting area of research in the
pre=service and in-service training of teachers. The use of interaction
analysis as a device to study at first hand the effects of various
patterns of teacher behavior on pupil behavior holds promise as a
tremendously viable area of research. A few researchk probiems are
given below to suggest the potentialities.,

a. 7The most common pattern of classroom behavior was found to

be a sequeace consisting of the following: Teacher lectures,

S——

teacher asks question, pupil responde, teacher accepts response.

In vhat specific ways would the classroom behavior and/or
achicvement of pupils be affected 1if the teacher deliberately

changed this pattern zt appropriate times? Por example, the
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teacher could change his role as sole evaluator of pupil

responses by asking other pupils to avaluate their peers®

response.

sacomm o am

Acsuming that the teacher wishes to develop creativity,

critical thinking, scientific attitudes and so on in

‘his studeats, what kinds of questions would he ask and

what kinds of pupil responses would he encourage? In
this study it was found that the teache:'s questions
were usually so highly structured that pupils often
just had to verbally “£ill in the blanks.” The writer
is of the opiaion that questions such as the above
require littlffgff;ical thinking and even less creative
thinking, By drawing upon the litarature in educational
psychology, the teacher could try out various questioning
techniques and analyze the classroom discourse to see
what effects are produced.

In a number of "science-methods” courses, the students
ere required to observe a aumber of lacture and labora=
tory classes predominantly for the purpose of “seeing
the real thing,”" The observation may be highly
structured or eiéremely unstructured. Opinion seems

to be divided as to the value of this procedure. Would
the ahove students acquire a deeper understanﬁing of
teaching if they used one or more category systehs.as

observational techniques?

Frequently, the "principle" is stated that the "way"

in vhich a teacher conducts his class depends on a

N



number of factors, such as ability level of the class,

the particular :f'utij;g!" being taught, and whether it is

~ - the beginning, the'middle or the end of a unit snd so
on. UWhat specifically axe soame of the "ways"” or teacher

behaviors that characterize the teaching in each of the

above situations?
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APPERDIX

716x16" INZERACTION MATRICES OF LECTURE AND
LABORATORY CLASSES OF TBN BIOLOGY TRACHERS

The discussion of matrices ir the text was confined to the grand

matrices. These matrices wers plotted from all ths observaricnal data

obtained from 40 lzcture periods and 48 laboratory pericds of the 10
teachers, The major eim of the discuscion was to provide a descriptive
model or a composite picture rather than to deiineste the numsrous indie
vidual differences among the teachers. Differences in “'teaching styles"
or "interaction patterns" can be readily seen in the appended motrices
of each teachexr. Each matrix was plotted from four lecturs 2lasses or
four laboratory classes. The reader may refer to Figures 4. 5, 7, 8§, and

9 in the text for a comparison betwsen sny particular teacher and the

Yaverage" teacher.
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